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Abstract 
Salted-dried fish is a traditional food commonly consumed in southern 
China. It is popular in coastal cities, e.g. Guang Dong and Hong Kong. 
Salted-dried fish is well known for its characteristic flavor. This study was 
designed to identify the very volatile compounds and aroma active volatiles found in 
three popular salted-dried fishes, namely, threadfm (Eleutheronema tetradactylus), 
pawak croaker (Angyrosomus pawak), and white herring {Ilisha elongata), available 
in Hong Kong's dried seafood markets (Tai O and Sai Wan). The three species of 
salted-dried fish were prepared by two common types of salting methods including 
regular salting and delayed salting. Both steamed and non-steamed (control) 
salted-dried fishes were investigated. 
In order to minimize the artifacts present in salted-dried fish volatiles, 
headspace technique was employed for volatile extraction. Cooled injection system 
(CIS) using liquid nitrogen cool trap technique for large volume headspace collection 
and injection was coupled with a gas chromatography-mass spectrometry (GC-MS) 
for separation and analysis. A CIS was coupled with a gas chromatography-mass 
spectrometry-olfactometry for static headspace analysis-olfactometry (SHA-0). 
Identities of the volatile compounds were confirmed by comparing both their 
retention times or retention indices and mass spectra with the authentic standards 
obtained under the same experimental conditions. 
In the headspace analysis, there were totally 63 volatile compounds 
positively identified in the three species of salted-dried fishes. Most of them were 
alcohols (12), aldehydes (12), hydrocarbons (7) and ketones (8). The OAV of the 
volatiles showed that aldehydes were the main aroma contributing groups, while 
trimethylamine was the most potent odorous compound. 
More compounds were found in the steamed samples (62) than the 
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non-steamed samples (59). Many compounds decreased in their concentration 
levels after the steaming process. However, some of them increased after steaming. 
Headspace analyses showed that the amount of aroma active compounds in 
salted-dried fish prepared by regular salting was higher. When different species of 
salted-dried fish were compared, the number of volatile compounds found was the 
highest in pawak croaker, followed by threadfm and white herring. 
In the SHA-0 analysis, a total of 26 aroma active volatiles were identified. 
Most of them were aldehydes (9) and sulfur-containing compounds (5). Among 
them, only dimethyl trisulfide, methanethiol, 3-methylbutanal and propanal were 
common to all samples. The compounds with high flavor dilution factor were in the 
order of 3-methylbutanal, trimethylamine, methanethiol, bis(methylthio)methane, 
dimethyl trisulfide and (Z)-4-heptenal (average flavor dilution (FD) value >200 
units). 
Comparing the aroma active volatiles in both steamed and non-steamed 
salted-dried fishes, it was found that the aroma quality improved by the steaming 
process. Salted-dried fishes prepared by the regular salting method generally had 
more pungent odor than the delayed salting types. Precursors of the odorous 
compounds in a fish were likely contributed from the fish diet. 
The current study provides volatile composition and aroma active volatile 
profiles of each of the three species of salted-dried fishes. The important volatile 
compounds in salted-dried fishes and their characteristic aromas were identified. 
The origins and formation mechanisms of these compounds as studied by other 
researchers were reviewed. Producers may make use of these information to 
modify the production method to improve the qualities of salted-dried fish, e.g. by 
reducing the production of TMA and S-containing compounds during salting 
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Chapter 1 
Introduction 
Fish have been an important component of the diet for men for over 30,000 
years (Simopoulos, 1995). They have high nutritional value and are rich in protein 
and minerals (Simopoulos, 1995). Fish are often important to coastal countries. 
Cities in southern China enjoy a plentiful source of fish from South China Sea. 
Fisheries have been one of the most important sources of economic income in Hong 
Kong. It used to be an important industry in Hong Kong, a small city in the 
southern part of China. Although the industry has been on a decline due to the shift 
of secondary industry to tertiary industry and the cheaper import of fish from the 
mainland, there are still many people working in the local fishery industry. The 
seafood market has been important to Hong Kong. In 2002, the Agriculture, 
Fisheries and Conservation Department of Hong Kong reported that the industry 
produced up to 169,790 tones of fishery products that worthed HKD$ 1,600 million. 
Currently, the number of fishing vessels totaled 4,770 which supported 10,860 
fishermen。 Local people enjoy the seafood as much as the tourists. 
Fresh fish spoil easily. Fishermen who net a big catch would want to 
preserve the harvested fish for a longer time. Various preservation methods for 
retaining the freshness and aroma of fish were introduced. For examples, 
refrigeration for short-term storage of fish, or freezing for long-term storage. 
Refrigeration is energy demanding so fermentation has been developed as an 
alternative to freezing. However, fermentation, salting and drying may have an 
adverse effect on both the nutritional and organoleptic qualities of the products. 
Salting and drying method is one of the most popular preserving methods used in the 
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southern China and in Hong Kong. The salted-dried fish is a popular product. It 
can be served as a main dish (e.g. steamed-deep fried salted-dried white herring) and 
as a condiment for other food (e.g. salted-dried fish on fried rice with chicken cubes). 
Nowadays, while most salted-dried fish found in Hong Kong are imported from 
overseas countries, there are still some local products available. The two most 
common production methods for salted-dried fish are (1) the regular salting and (2) 
the delayed salting methods. The fish commonly used for salted-dried fish are 
threadfin {Eleutheronema tetradactylus), pawak croaker (Angyrosomus pawak), and 
white herring (Ilisha elongata). The salted-dried fish are well known for their 
characteristic flavor. Previous investigations (Josephson et al., 1986; Cha and 
Cadwallader, 1995) on these products concentrated mainly on their volatile 
composition with little information on their flavor content. Therefore, this study 
aimed to identify the common odor-active headspace components in the three 
common popular salted-dried fishes (threadfin, pawak croaker and white herring) 
prepared by two salting methods (regular and delayed), obtained from two popular 
salted-dried fish markets (Tai O and Sai Wan) in Hong Kong, purchased in two years 




2.1 Nutritional facts of fish 
The nutritional importance of fish draws greater attention as more and 
more studies show that a diet that consists of fish has positive health effects (Artemis 
and Simopoulos, 1997). When comparing with meat, e.g. beef, fish have a higher 
content of nutrients (details shown in Table 2.1). These findings further encourage 
the general populace to increase its consumption of fish. Fish is a good source of 
iron，calcium and vitamins A, D, K and E. In fact, fish is the best source of vitamin 
D (Simopoulos, 1995). Fish contain high quality protein with all the essential 
amino acids. They are also highly digestible, with protein efficiency ratio ranging 
from 2.7-3.2 (Pigott and Tucker, 1990). When compared to lean meat, fish contain 
very low amount of saturated fat and cholesterol. Yet it is an important source of 
long chain polyunsaturated fatty acids. 
Fish, as well as other seafood, have large amounts of omega-3 fatty acids 
such as eicosapentaenoic acid (EPA) and docosahexaenoic acids (DHA). These 
polyunsaturated fatty acids have been proven to be beneficial to health. DHA is 
essential for visual, neural and cerebral development in the premature infant and is 
also important for full term newborns (Makrides et al�, 1994). Since fish are rich in 
long chain polyunsaturated fatty acids, consumption of fish might have 
hypolipidemic properties. Fish oil can lower the triglycerides and raise the content 
of high density lipoprotein (HDL) in the blood that eventually decreases the blood 
cholesterol concentration (Harris, 1989). 
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Table 2.1. Nutritional value of some fish species compared with beef (Adapted from： The 
British Nutrition Foundation. Briefing Paper 10. Nutritional Aspects of Fish. London, May 1993.) 
Cod (grilled) Herring (grilled) Crab (boiled) Beef (lean) 
Protein (g/lOOg) 21.4 20.4 20.1 28.6 
Calcium (mg) 10.0 33.0 29.0 7.0 
Iodine ( /zg) 110.0 32.0 -- 6.0 
Vit. A i i i g ) 2.00 34.00 Tr Tr 
Vit. D ( / / g ) Tr 35.00 Tr Tr 
Vit. E (以 g) 0.44 0.30 N 0.29 
Palmitic acid (16:1) (% of total fat) 22.5 14.0 -- 26.9 
Stearic acid (18:0) (% of total fat) 3.7 1.2 -- 13 
Palmitoleic acid (16:1) (% of total fat) 2.5 10.2 -- ^ 
Oleic acid (18:1) (% of total fat) 11.3 15.5 -- ^ 
Linoleic acid6J-6 (% of total fat) Tr 1.4 -- 2 
Arachidonic Acid 00-6 (% of total fat) 3.8 0.6 -- 1 
Eicosapentaenoic acid 61；-3 (% of total fat) 17.5 7.2 - ~ 
Docosahexaenoic acid 6；-3 (% of total fat) 35.0 6.7 ~ -
--:not determined; Tr: trace 
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As proven by epidemiological studies and case control studies, a suitable 
consumption of fish and other seafood (1.5 servings or more per week) wi l l lower the 
chance of having coronary heart disease (Ascherio, et al.’ 1995). Omega-3 fatty 
acids also have hypotensive property (Moria, et al., 1994). Intake of omega-3 fatty 
acid has beneficial effect on the secondary prevention of myocardial infarction and 
on blood pressure (Simopoulos, 1991). In addition, omega-3 fatty acids have 
antithrombotic and anti-inflammatory properties, making it useful in clinical 
treatment (Leaf and Weber, 1987). Due to the numerous benefits of fish 
consumption, countries like Japan and USA have made large investments in 
developing health products containing fish oil and have enjoyed great economic 
rewards from such investments (Artemis and Simopoulos, 1997). 
Nowadays people pay much more attention to the quality of fish they buy. 
The freshness and aroma of fish products were considered as the quality factors in 
their purchase. On the other hand, price has less influence on the consumers' 
decision. To obtain a good market price, fish sellers try to put many efforts in 
keeping the fish in good condition. And various methods for retaining the freshness 
and aroma of fish have been introduced, for example, refrigeration for short-term 
storage, or freezing for intermediate storage period. Ultimately, for long-term 
storage, fish may be fermented, salted and dried (Toussaint-Samat, 1987). However, 
the quality, both nutrient and taste, may be adversely affected by this preservation 
method. 
2.2 Aroma of fish 
Although fish are well known for their nutritional benefits, many people 
still refuse to eat them. The main reason may be the presence of fishy smell that 
discourages people's appetite toward the fish. Freshly caught saltwater fish is 
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nearly odorless, they only give off a faint odor. However, the fishy odor starts to 
intensify after a fish dies. These compounds are generated by bacterial actions or 
enzymatic reactions (Olafsdottir and Fleurence, 1998). With time, the aroma of fish 
changes from a favorable, mild and sweet to an unfavorable strong seashore odor. 
Although this odor does not change the nutritional values of a fish，it devalues the 
fish greatly. Usually, the price of fish decrease with time, the only exception is with 
the salted-dried fish. The low-cost fish can be sold for a good price when they 
become high-quality salted-dried fish. And one of the determination factor for 
'quality' is the aroma. 
2.2.1 Carbonyls and alcohols 
Most fresh fish give a common sweet and plant-like aroma when they are 
first caught. The sweet flavor is due to the production of very volatile carbonyls and 
alcohols from the oxidation of the polyunsaturated fatty acids of fish by lipoxygenase 
activity (Josephson and Lindsay, 1986). For example, 12-lipoxygenase was 
identified in the skin and gills of fish (Josephson and Lindsay, 1986)。 This enzyme 
can oxidize polyunsaturated fatty acids into position specific hydroperoxides. The 
hydroperoxides can then decompose to different fragmentation products, such as 
volatile carbonyls and alcohols (Hsieh et al., 1988). Freshwater and saltwater fish 
have different flavor quality, yet they share some common volatile compounds, e.g. 
hexanal, l-octen-3-ol, l,5-octadien-3-ol and 2,5-octadien-l-ol (Josephson et al, 
1984). 
In contrast, freshwater fish contain l-octen-3-one and l,5-octadien-3-one 
and no saltwater fish contain (£;)-2-hexenal, 2-octenal, 2-octen-l-ol, 2,3-octanedione, 
(£:)-2-nonenal, (£',Z)-2,6-nonadienal and 3,6-nonadien-l-ol, as some of the 
freshwater fish do, as found out by Josephson et al. (1984) in 12 fish samples. 
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(£')-2-nonenal, (£',Z)-2,6-nonadienal and 3,6-nonadien-l-ol contribute to the 
cucumber-like, melon-like odor of fresh fish (Dumford and Shahidi, 1998). 
Although the number of volatile carbonyls or alcohols found in fish may vary, the 
volatile carbonyls contribute more to the coarse, heavy aroma, while alcohols 
contribute more to the smoother aromas。 In contrast, the carbonyls contribute more 
to the overall fresh fish-like odors than their corresponding alcohols due to their 
lower thresholds (Josephson and Lindsay, 1986). The biogenesis of important 
volatile carbonyls and alcohols in fresh fish from eicosapentaenoic acid were 
proposed by Josephson and Lindsay (Josephson and Lindsay, 1986) is shown in 
Table 2。2。 
The polyunsaturated fatty acids in fish are the substrates for the production 
of volatiles carbonyl and alcohols (Cadwallader, 2000). The compounds generated 
by the lipoxygenase are substrates-dependent. In general, eicosapentaenoic acid 
and docosahexaenoic acid are the precursors for l,5-octadien-3-ol, 
{E,Z)-2,6-nonadienal, 2,5-octadien-l-ol and 3,6-nonadien-l-ol. While arachidonic 
is responsible for the production of (£)-2-octenal, l-octen-3-ol, (£)-2-nonenal, 
(五)-2-octenol and (Z)-3-nonenol (Zhang et al., 1992). 
2.2.2 Sulfur-containing compounds 
Volatile sulfur-containing compounds usually have unflavorable aroma 
notes that people-associate with the deterioration of the food products (Dumford and 
Shahidi，1998). Nevertheless, they are not always related to deteriorations because 
they were also found in fresh fish and give characteristic odors (Josephson et al” 
1986)。 One of the sulfur-containing compounds usually found in fish is dimethyl 
sulfide. The aroma quality of this compound is dependent on its concentration; it 
gives a pleasant crab-like or seashore-like aroma at low concentration, but provides 
an offensive odor at a high concentration (lida，1998). 
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Table 2.2. The biogenesis of important volatile carbonyls and alcohols in fresh fish 
from eicosapentaenoic acid (adapted from Josephson and Lindsay, 1986). 
No. of carbon Compound name Aroma quality Threshold 
Low (0.08 ppb*) 
9 (jE)-2-nonenal Cucumber- Melon like 
Low (0.01 ppb*) 
(£',Z)-2,6-nonadienal Cucumber- Melon like 
Low (10 ppb*) 
3,6-nonadien-l-ol Cucumber- Melon like 
6 hexanal Green,plant-like, High (4.5 ppm**) 
aldehydic 
5 l-penten-3-ol -- High (1.48 ppm**) 
* Adapted from Josephson and Lindsay (1986) 
* *Adapted from Belitz and Grosch (1999) 
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2.2.3 Bromophenols 
Like volatile sulfur compounds, the aroma notes of bromophenols are 
affected by their concentration. Whitfield et al (1988) found that several naturally 
occurring bromophenols identified in the Australian prawns were responsible for the 
iodine-like off-flavor including 2-bromophenol, 4-bromophenol, 2,4-dibromophenol, 
2,6-dibromophenol and 2,4,6-tribromophenol. At low concentrations they 
contribute to the desirable brine-like and sea-like aromas in saltwater fish (Boyle et 
al., 1992). 
2.2.4 Hydrocarbons 
There is little investigation into the effect of volatile hydrocarbons on the 
aroma quality of fish。 (E’Z) and (E,E)-l,3,5-octathene were found in some salmon 
species (Josephson, 1991). 
2.2.5 Off-flavor in fish 
Trimethylamine and related compounds such as dimethylamine (DMA) 
give an offensive odor at high concentrations and are usually associated with the 
deterioration of fish (Hebard et al., 1982). Trimethylamine oxide (TMAO) is the 
precursor of the two compounds. TMAO is reduced to TMA by microbial action, 
while it is broken down into DMA and formaldehyde by enzymatic reaction (Hebard 
et al, 1982). TMAO can be found in all saltwater fish and is used for 
osmoregualtion in saltwater. However, few freshwater fish were reported to contain 
TMAO (Hebard et al, 1982). TMA is a potent odor compound with ‘old-fishy，or 
fish house-like aroma (Lindsay, 1991). It has a very low threshold of 300-600 ppb. 
In contrast, TMAO has no odor. TMA in fish shows a different aroma quality than 
the pure compound. When TMA reacts with the fat in fish fishy odor is produced, 
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whereas the purified compound only gives an ammonia-like smell (Hebard et al., 
1982). Compared to TMA, D M A is less fishy smelling and has an ammoniacal 
aroma (Lindsay, 1990). Both T M A and D M A share the same precursor. The 
condition of the fish determines which formation is favored. 
In unfrozen fish, T M A production dominated as microbial growth was 
favored (Castell et al., 1973) while in frozen fish, TMA formation is prevented due to 
the inhibition of the microorganisms. Instead, D M A and formaldehyde were 
produced enzymatically (Amano and Yamada, 1964). Thus T M A and D M A may 
serve as a spoilage index in unfrozen and frozen fish, respectively. 
2.2.6 Autoxidation of fish meat 
The polyunsaturated fatty acids in fish are readily broken down by 
autoxidation as the double C-C bonds is not very stable. The flavor of these volatile 
compounds from autoxidation varies from just perceptible to extremely unpleasant 
fishy flavor (Durnford and Shahidi, 1998). Different stages of oxidation wi l l give a 
different aroma. In the beginning, green or cucumber-like smell maybe perceived 
due to the production of short-chain saturated and unsaturated aldehydes, e.g. 
hexanal and ⑷-2-hexenal. As oxidation progresses, fishy, oil-like or burnt aroma 
wi l l increase due to the production of (£,Z,Z)-2,4,7-decatrienal and 
(E,E,Z)-2,4,7-decatrienal (Karahadian and Lindsay, 1989). The production of 
2,4,7-decatrienal and other aldehydes from long-chain polyunsaturated 6J-3 fatty 
acids is shown in figure 2.1. 
2.2.7 (Z)-4-heptenal in cooked and stored fish 
(Z)-4-heptenal is commonly found in cooked and stored seafoods. It is 
produced from the precursor {E, Z)-2,6-nondienal via the water-mediated retro-aldol 
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condensation (Josephson and Lindsay, 1987b). At a high temperature and high pH, 
the production of (Z)-4-heptenal is enhanced. At a low concentration in water the 
compound gives a cardboardy note while at a higher concentration, a putty, paint, or 
oil-like aroma wi l l raise instead (Lindsay, 1990). 
2.2.8 Volatile acids 
Various volatiles acids such as formic, acetic, propionic, n- and isobutyric and n- and 
isovaleric acids are formed in fresh fish during storage (Kikuchi et al., 1976). Since 
butyric and valeric acid have lower thresholds, their impact on fish aroma is greater 
than other compounds. The contribution of volatile acids to fish flavor is quite 
controversial. Hsieh et al. (1989) postulated that short-chain volatile acids gave 
very intense and objectionable sweaty odors and were considered the important 
flavor markers in fish oil. On the other hand, Karahadian and Lindsay (1989) 
concluded that the effect of short-chain volatile acids on the overall fishy flavor was 
insignificant. 
2.3 Salted-dried fish in Hong Kong 
In southern China, people like to consume seafood very much (Sinclair, 
1986). Millions of tones of fishery products are consumed annually. The seafood 
markets are developed with great diversity. Other than fresh products, different 
kinds of processed products are available and welcomed by consumers. Some 
examples are pickled, chilled, canned, fermented and salted-dried seafood. 
Salted-dried fish are a famous traditional food in southern China, especially in 
Guangdong and Hong Kong. High quality salted-dried fish are valuable and served 
as a premium dish in local restaurants. Although some people has labeled 
salted-dried fish as an unhealthy food, others still enjoy their characteristic flavor 
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Figure 2.1 Formation of (£:,Z,Z)-2,4,7-decatrienal and other aldehydes from 
autoxidation of docosahexanoic acid (adapted form Dumford and Shahidi, 1998). 
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(Sinclair, 1986). 
Some fishes used in salted-dried fish production are mainly lower-priced 
fish (Shahidi and Venugopal, 1995) such as pawak croaker. However, in southern 
China, producer also like to use high-priced fish (e.g. threadfm) for salted-dried fish 
production. The reason is that higher profit can be generated from a high quality 
salted-dried fish. Due to the changing economy in Hong Kong, lesser number of 
salted-dried fish is produced locally. In fact, only a few salted-dried fish producer 
are in operation in Tai O, Hong Kong, supplying their products to the local market. 
Majority of the salted-dried fish products are imported from overseas and sold more 
often in the Sai Wan market where it is a famous dried seafood market in Hong Kong 
for many years. 
2.3.1 Salted-dried fish used in this study 
Three popular salted-dried fishes, namely, threadfm {Eleutheronema 
tetradactylus), pawak croaker {Angyrosomus pawak), and white herring (Ilisha 
elongata), available in different dried seafood markets (Tai O and Sai Wan) in Hong 
Kong were selected for evaluation. The three species of salted-dried fish were 
prepared by two common types of salting and drying methods including regular 
salting and delayed salting. 
Threadfm is a commercial fish usually find in the Indo-West Pacific Ocean 
near China and Taiwan (Feltes, 1997). It is sold fresh, frozen, and dried or salted. 
It feeds on prawns, fish (mainly Mugilidae, Engraulidae, and Sciaenidae), and 
polychaetes depending on the seasons (Feltes, 1997). In Hong Kong, the wholesale 
price of live threadfm is about HK$60/kg, the highest price can reach HK$90/kg 
(Fish Market Organization, 2004). In 2000, the retail price for salted-dried 
threadfm used in this experiment was about HK$ 110 to HK$ 160/catty (Catty is a unit 
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of measurement that is approximately 600 grams), which is equivalent to HK$183/kg 
to HK$267/kg. 
White herring is an important (high-priced) commercial marine fish 
commonly found in Indian Ocean (Pondicherry), Java Sea (Singapore), and East 
China Sea (Online; The fish database of Taiwan, 2001). It usually feeds on shrimps, 
small fish, squids and cuttlefish. The price of salted-dried white herring ranged 
from HK$80 to HK$96/catty, i.e. HK$133-160/kg, in 2000. 
Pawak croaker is also a commercial marine fish that can be found in 
coastal waters in the West Pacific Ocean from Taiwan to southern China. It 
consumes small crustaceans (Chan et. al�, 1974). Salted-dried pawak croakers are 
graded according to their sizes (Tsang, 2000). In Hong Kong, the wholesale price 
of live pawak croaker is about HK$50/kg, the highest price can go up to HK$65/kg 
(Fish Market Organization, 2004). Salted-dried pawak croaker has the cheapest 
price among the three species of salted-dried fishes in the investigation. Its price 
ranged from HK$64/catty (HK$107/kg) to HK$95/catty (HK$158/kg) in 2000. 
2.3.2 Salting methods of the salted-dried fish used in this study 
During salting, spoilage and pathogenic poisoning of fish are controlled 
since the high salt concentration reduces the water activity in the fish to a great 
extent. Since water activity was very low in such condition, bacterial activity and 
autolytic spoilage were well controlled (Torres et al” 1985). As the salting process 
went on, water activity continued to decrease to a critical level that inhibits the 
growth of microorganisms (Venugopal and Shahidi, 1998) and enzymatic actions 
(Connell, 1995). When water activity drops below 0.90’ 0.88 and 0.75, the growth 
of bacteria, molds and halophilic bacteria would be inhibited (Doe, 1983; Torres et 
al, 1985). 
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Fermentation may occur during the salting process, in which some 
enzymes break down fish tissue to a limited extent under a controlled mechanism 
(Doe et. al., 1998). By the biochemical and microbiological reactions of 
fermentation process, the texture, color and odor in the fish may be modified 
(Essuman, 1992). 
2.3.3 Salting method used in Tai O 
Chau (2004) reviewed the salting methods employed by the local 
producers. There are roughly two major salting methods, namely “delay” and 
"regular" salting methods. Major steps involved in both the delay and the regular 
salting processes of fish are shown in Figure 2.2 (Chau, 2004). The procedures 
were obtained orally during an interview with a local salted-dried fish supplier at Tai 
O, Hong Kong (Tsang, 2002). 
The first step in the preparation of "delayed" method is fresh fish gutting 
and washing. Then it is salted for a night. On the following day, fish is rinsed to 
remove the original salt, i.e. desalting. Afterward, the fish is dried for more than 
two weeks under the mild sun and wind. Then these semi-finished products are 
stored in a refrigerator at -20°C. For the "regular" method, frozen fresh fish is used 
instead of live fish. After gutting, fish is frozen in a refrigerator for a week and then 
salted in the same way as in delayed one. The only difference between the two 
methods is their drying time. It takes two weeks for delayed method to be 
reasonably dried. 
The price of regular salted-dried fish is usually lower than the delayed one 
since the former may be prepared from dead fish. Tsang (2002) claimed that some 
local fishermen might also use fish that die for long time to prepare delayed salted 
fish. 
15 
Salting methods used in other countries are similar to the local methods 
(Connell, 1995). Their major steps include fish preparation, salting by sprinkling 
salt crystals or by immersing in a brine solution, desalting, drying and packing. In 
the Chinese method, some producers may include an intermediate step，skewering- to 
stick the fish in a row, to facilitate the drying procedure (Liu et al” 1998). Details 
are shown in Figure 23. In other Asian countries, for example Thailand, other raw 
materials, such as carbohydrates, may be added to the fish during salting to enhance 
the aroma and quality of the final product (Saisithi, 1994). Thai salted-dried fish 
may be fermented together with roasted rice or palm sugar in the presence of 
bacterial enzymes naturally found in the fish-salt mixture. Roasted rice and palm 
sugar are the common carbohydrate source used in the preparation (Saisithi, 1994). 
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Regular Delayed 
Fresh fish Fresh fish 
Remove the fish gut and wash the fish body 
Frozen for a week 
Fi l l the fish with crude salt and cover the fish with crude salt for one night 
Rinse the salted fish 
1 r 
Dry it under the mild sun and wind 
for 2 weeks for more than 2 weeks 
Put it in refrigerator 
1 r 
Dry it under the sun again before sale 
Figure 2.2. Steps involved in the "regular" and "delay" methods used in the 
preparation of salted-dried fishes in Tai O, Hong Kong (adapted from Chau, 2004). 
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Raw material treatment 
(gutting and deheading) 
，r 
rinsing under running water 
• 
salting 
(in brine solution 5-15% salt, or in salt 10-20% w/w) 
Y 
skewering by bamboo stick 
• 





Figure 2.3 Procedures in Chinese style salted-dried fish (adapted form Liu et al 
Eds., 1998). 
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2.4 Aroma analysis 
Flavor is the overall integrated perception of food when it is consumed 
(Lindsay, 1996). It may include smell, taste, sight, feeling and sound. Flavor 
sensation results from compounds that are divided into two board classes, one is 
responsible for the taste and other is responsible for the odor (Belitz and Grosh, 
1999). Compounds responsible for the taste are usually non-volatile while for the 
odor are usually volatile at ambient temperature. Compounds responsible for taste 
wi l l contact with taste buds on the tongue interact with the receptors and eventually 
give signals of the five basic taste sensation including bitterness, saltiness, sourness, 
sweetness and umami taste (Lindsay, 1996). Compounds responsible for odor wi l l 
contact with the olfactory tissue containing the corresponding receptors in the nasal 
cavity and give out signals of different aroma perceptions. The aroma compounds 
reach the nasal cavity by two different routes, through the nose when one inhale 
(nasal detection) and through the throat when exhale through mouth (retronasal 
detection) (Belitz and Grosh, 1999). Some compounds wil l only impart taste, and 
some only impart aroma, but some can contribute both (Belitz and Grosh, 1999). 
The analysis of flavor is dominant by aroma. The amounts of volatile 
aroma substances present in food are very low. They comprise of many 
components, however. A total of 6200 potential aromatic compounds were 
published in the 1990 literature (Belitz and Grosh, 1999). Although the number of 
volatile compound may be huge, not all of them have significant aroma potency. 
And identification of the potent aroma volatiles is necessary for a comprehensive 
study of food flavor. 
2.4.1 Extraction methods 
Extraction of the flavor compounds is an important step in the analysis of 
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food flavor. This is a critical step because artifacts and contaminants can be easily 
induced and are difficult to be removed in the subsequent steps. The most common 
technique for flavor extraction in food is distillation, in which the volatiles were 
extracted by organic solvent (Etievant, 1996). The extracted aroma compounds are 
then concentrated by nitrogen flushing prior to separation by gas chromatography. 
Other commonly used techniques in flavor extraction are headspace extraction (static 
or dynamic) and super critical fluid extraction (Etievant, 1996, Maroto et al., 2001). 
These techniques target at aroma compounds at different physicochemical properties 
and are suitable for different kinds of food. 
2.4.1.1 Steam distillation methods 
Steam distillation technique as described by Likens and Nickerson (1964) 
is a common distillation method for food flavor analysis. Simultaneous steam 
distillation-solvent extraction (SDE) technique continually extract volatile 
compounds from a sample up to several hours at high temperature (e.g. water at 
100°C) under normal atmospheric pressure (Likens and Nickerson, 1964; Chung, 
1999; Stephan et al., 2000). The number and quantities of compounds extracted are 
very high. The technique is very useful in collecting compounds of interest at high 
quantity. However, as relatively high temperature is used during extraction over a 
longer duration, many artifacts can be formed. A major problem with this technique 
is the differentiation between artifacts and the authentic food volatile compounds can 
be demanding. This is because many food ingredients, for examples sugars, amino 
acids, phenolic acids, unsaturated fatty acids and carotenoids are readily degraded at 
high temperature (e.g. 70°C ) (Tressl et al, 1979). These ingredients then react and 
form numerous other compounds that may interfere with the identification of the 
compounds of interest. One typical example is the production of (Z)hepten-4-al 
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from cod flesh during steam distillation solvent extraction (Mac Gil l and Hardy, 
1977). 
In addition to the reaction between food ingredients, SDE also promote the 
reaction between food constituents and contaminants in the solvent (Mottram and 
Puckey，1978). Mottram and Puckey (1978) found that the nitrogen oxide 
(degradation product of sodium nitrite) in crude meats would react with 
2-methylbut-2-ene to form nitroalkanes. In addition, heating may generate new 
volatile compounds by promoting ester hydrolysis, Maillard reaction, l ipid oxidation, 
etc. Other than the thermally generated artifacts, low pH extracting medium in SDE 
also induce the formation of artifacts. Sulfuric acid is commonly added during SDE 
extraction, the strong acidic environment may directly affect some compounds like 
the monoterpene, norisoprenoid hydrocarbons and alcohols (Stevens et al, 1972). 
For certain food substances, different volatile compounds may be formed at different 
pH values. Yu et al (1989) showed that the volatile compounds in the cloves 
(diallythiosulfinate or allicin) would decompose to 3-vinyl-4H-l,3-dithiin at low pH. 
But at pH 6 and pH 9 they would further decompose to methyl allyltrisulfides and 
dially disulfide, respectively. 
Although the SDE technique may generate many unpredictable artifacts 
from the samples, it is still used in many laboratories due to its high extraction 
efficiency (Etievant，1996; Stephan et al., 2000). In order to reduce the thermal 
degradation during extraction, vacuum SDE which maintains a low-pressure 
environment facilitates the vaporization of the volatile compounds at low 
temperature has been used (Pollien et al., 1999). Such a modification makes SDE a 
better tool in authentic compound extraction. However, it is difficult to set up and 
the vacuum is hard to maintain during extraction。 
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2.4.1.2 Solvent extraction methods 
Solvent extraction is a traditional method for volatile compounds 
extraction. The advantages of this method are that it is fast and simple to use. 
High purity solvent with further purification (such as distillation) is always needed to 
eliminate contaminations. And some solvents such as ethanol and methanol may 
react with the aldehydes, esters, acids, lactones and alcohols to produce artifacts 
(Ohloff et al, 1985). The most critical problem limiting the use of solvent 
extraction in food aroma analysis is the direct contact of the solvent with the food 
substances. The solvent may extract many macromolecules such as proteins and 
fats, which are difficult to remove. These compounds can damage the 
chromatographic column and even overshadow the interesting compounds in the 
chromatogram. 
2.4.1.3 Headspace methods 
Another well-known extraction method is the headspace extraction method. 
There are static (SH) and dynamic headspace (DH) methods (Buttery and Teranishi, 
1963). In the SH method, a specific amount of headspace is collected by a gas-tight 
syringe and injected into a gas chromatography for separation and analysis (Kolb and 
Ettre, 1997). Since a limited headspace volume is injected into a gas 
chromatography, the sensitivity of the SH may be low when compared to other 
methods (Stephan et al., 2000). The DH is developed to solve this problem. In 
the D H method, the volatile compounds in the headspace are continually collected on 
an organic polymer sorbent by blowing a continuous stream of inert gas over the 
sample. Different types of polymers are available, for example, Tenax, Poarpak, 
Chromosorb, charcoal, etc (Ettre, 2001). In many case, Tenax is often chosen, it is 
a good sorbent and can trap many compounds (Ettre, 2001). Solvents like acetone 
2 2 
are then used to elute the trapped compounds from the polymer. 
The cool trap is another technology that has been used with the headspace 
technique to increase the sensitivity. It utilizes a cryogenic trap to enrich the 
amount of volatile compounds from a sample (Brettell and Grob, 1985). It is also 
more complex and expensive. This headspace method has the advantage of 
collecting the very volatile compounds as well as the less volatile compounds. It 
does not generate thermally generated artifacts, as it does not require high 
temperature during extraction. However, the number and quantities of the 
compounds collected are not as high as those by the SDE (Stephan et al., 2000). 
The properties of the common extraction techniques are summarized in Table 2.3. 
The current project deals with the unknown important aroma active 
compounds in the headspace of several salted-dried fish samples. Static headspace 
that produces nearly no artifact during extraction would be the ideal choice. In 
order to maintain a representative amount of volatile compounds collected, the cool 
trap was used and coupled with the static headspace technique. 
2.4.2 Screening of important aroma contributing volatile compounds 
It is common to report the concentrations or quantities of the interesting 
compounds in a research paper. Concentration is not an appropriate criterion for 
estimating the flavor impact of a volatile compound。High quantity of a compound 
does not imply it has a high flavor impact to a food system. In fact, both the 
threshold value and the quantity of a compound ultimately determine its flavor 
impact on a food. And this brings out the term odor activity value (OAV) which is the 
ratio of the concentration of an odorant to its odor threshold (Frijters, 1978). 
Compound with high OAV has more important aroma impact on a food. This idea 
is simple, but the calculation is not straight forward sometimes. For example, 
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compounds would exhibit different threshold values in different media (solid, liquid, 
gas) and many compounds are without their published threshold values. These could 
make the calculation more time consuming by carrying out fundamental work on 
threshold value determination. 
There are two dilution techniques which researchers used to screen out the 
potent components from a sample. In 1987, Ullrich and Grosch introduced a 
technique called the aroma extraction dilution analysis (AEDA) (Ullrich and Grosch, 
1987; Grosch, 1993). It screens out the potent odorants utilizing both GCO (Fuller 
et al., 1964) and dilution techniques. The initial aroma extract is diluted serially 
and evaluated using the GC-0 until no odorant is perceived. Similar dilutions of 
the initial extract and evaluation are carried out like those in the CHARM analysis 
which is described subsequently. Dilution factor (DF), which is the number of 
dilution, is proportional to the OAV of a compound in air (Grosch, 1993). 
Generally high DF values of a compound wi l l suggest its importance in flavor 
contribution. 
A variance in the ADEA to adapt the analysis of static headspace aromatic 
components in food samples is a technique known as static headspace analysis and 
olfactometry (SHA-0) (Guth and Grosch, 1999). Constant amount of equilibrated 
headspace is collected, from large to small volume, and injected into a GC for 
analysis. The interpretation of the volume used for the evaluation of the potency of 
a compound is similar to that of the DF values. The lesser the volume used with the 
odor quality perceived, the higher the potency of the compound in a sample (Grosch, 
1993). 
Another similar technique is known as CHARM analysis which was 
proposed by Acree and his colleague (Acree et al” 1984). It is a technique 
combining both GC-0 and the serial dilutions of an extract to determine the potent 
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Table 2.3 Comparisons between different extraction methods in terms of efficiency, 
reliability and cost. 
Methods Compounds Compounds Artifacts Cost 
extracted extracted produced 
(numbers) (amount) 
SDE Very High Very High Very High Medium 
Solvent extraction High High High Cheap 
Static Headspace Very Low Very Low Very Low Cheap 
Dynamic Headspace Low Low Low Medium 
(Tenax) 
Dynamic Headspace Low Low Very Low Very expensive 
(cool trap) 
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components using a GC and a propriety software to carry out the analysis (Acree et 
al., 1984). Both ADEA and CHARM analyses are similar and are limited to aroma 
compounds with volatile and semi-volatile properties determined by their boiling 
points. This is because volatile compounds with low boiling point would lose more 
readily during the concentration and handling of the extract (Guth and Grosch, 
1999)。 
2.5 Overview 
Salted-dried fish has a distinctive flavor which the westerners may regard 
as ‘undesirable，while Oriental people may consider as 'desirable' (Saisithi, 1994). 
This special food has a very complex blend of aromas and little research has been 
carried out on its flavor quality (Yankah et al., 1996, Sikorski et al, 1998). Hence, 
this study was designed to identify the very volatile compounds and those odorous 
ones found in the three popular salted-dried fishes available in Hong Kong, including 
threadfin {Eleutheronema tetradactylus), pawak croaker {Angyrosomus pawak), and 
white herring (Ilisha elongata). By comparing the aroma profiles among the three 
salted-dried fishes, some key common compounds may be found and the salted-dried 
fish flavor can be more defined. Besides, some components that characterize a 
particular type of salted-dried fishes can also provide a basis for monitoring the 
product flavor quality. 
In the proposed experiments, static headspace volatile collection method 
wil l be chosen. The results of the method has a closer representation of the results 
during sniffing of the food samples by a consumer (Holscher and Steinhart, 1992). 
On the other hand, dynamic headspace method is not used because it is difficult for 
quantitative analysis since the equilibrium of the volatiles between the headspace and 
the food is disturbed during purging (Buttery et al. 1997; Buttery et al 1994;). 
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Since static headspace collects fewer volatiles, a cryogenic cool trap wil l be used to 
collect volatiles to allow multiple headspace injections into the GC system. SDE is 
not used because it may generate artifacts during the extraction process. However, 
SDE can help in the headspace analysis when the concentration of the some volatile 
compounds collected may not be strong enough to show a clear peak from the 
GC-MS analysis. 
GC-SHA-O, a variant of AEDA, technique wi l l be used to estimate the 
potencies of the volatile compounds (Guth and Grosch, 1999). It is much simpler 
than the CHARM analysis (Acree, 1993). GC-SHA-O wi l l provide a much better 





The first step in the analysis of food flavor is the extraction of the flavor 
compounds. This is a critical step because artifacts and contaminants can be easily 
introduced and are difficult to be removed in subsequent steps. In the current study, 
static headspace (SH) method (Buttery and Teranishi, 1963) would be used for 
volatile compounds extraction. In the SH method, a specific amount of headspace 
is collected by a gas tight syringe and injected into a gas chromatography for 
separation and analysis (Kolb and Ettre, 1997). Since the limited headspace volume 
is injected into a gas chromatography, the sensitivity of the SH may be low when 
compared to other methods (Stephan et al” 2000). In order to increase the 
sensitivity, cool trap is introduced to enrich the collected compounds (Brettell and 
Grob, 1985). It does not normally generate thermally generated artifacts, as it does 
not require high temperature during extraction. However, the number and 
quantities of the compounds collected are not as high as the SDE (Stephan et al., 
2000). 
Since this project deals with the unknown important aroma active 
compounds in the headspace of several salted-dried fish samples, static headspace 
that produces nearly no artifact during extraction would be the ideal choice。 In 
order to maintain a representative amount of volatile compounds collected, the cool 
trap is used with the static headspace technique. 
The objectives of this experiment were to evaluate the reproducibility and 




3.2.1 Reproducibility of injection mode 
To evaluate the reproducibility of injection mode of the cooled injection 
system (CIS) (CIS 4，Gerstel, Germany), a test solution containing 20|ig 
trimethylamine (Sigma，243205) and 15|ig dimethyl-disulfide (Sigma, 528013) were 
suspended in 5mL of diethyl ether in a 20-mL gas tight container with an aluminum 
cap and Teflon lining at room temperature. For the evaluation of authentic sample 
at equilibrium, a chunk of fish (obtained by cutting across the dorsal and ventral fins 
of each fish) was steamed for 20 minutes. It was then blended with a household 
blender for 10 seconds and transferred to a gas-tight glass vial as described before. 
It was left to equilibrate at 50°C in an incubator (Model 132000，Boekel Scientific, 
Cambridge, England) for a specific time period. The headspace of the sample was 
then collected for gas chromatography-mass spectrometry (GC-MS) analysis. Ten 
millimeters of headspace were collected with a gas-tight syringe (SGE) and injected 
into a GC-MS system. 
3.2.2 Optimization of the sample preparation procedure 
In order to optimize the sample preparation procedure, the incubation times 
of some fish samples in the gas tight glass container were studied. The 
concentrations of headspace volatile compounds could be affected by the temperature, 
humidity, substrate, time of incubation, etc., but only the incubation temperature and 
time were controlled in this study. The higher the temperature a sample would be 
subjected to the more the volatile compounds are found in the headspace. At high 
temperature, many chemical reactions would occur and produce artifacts, whereas at 
low temperature, the extraction efficiency of the technique would be greatly reduced. 
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A review by other researchers suggested that temperature-induced reactions 
increased sharply when the temperature went beyond 50°C (Tetsuo, 1996). Hence, 
50°C was chosen as the optimal incubation temperature in this investigation. 
The sample vials were first brought to 50°C before a chunk of lOg 
salted-dried fish was placed inside. Then the vials were recapped. The headspace 
constituent inside the vial was collected at different time intervals. 
3.2.3 Gas chromatography-mass spectrometry coupled with cooled injection 
system (GC-MS-CIS) 
A Hewlett-Packard 6890 gas chromatorgraphy coupled with a HP 5973 
mass selective detector (MSD) (Hewlett-Packard Co., Palo Alto, CA, U.S.A.) was 
installed with a temperature programmable cooled injection system (CIS 4，Gerstel, 
Germany). The CIS was cryogenically cooled down to -150°C with l iquid nitrogen 
and held at the temperature during the headspace injection to cryofocus the volatile 
compounds. Different modes of the CIS were used to study the reproducibility and 
efficiency of the injected samples. After injection, the CIS was switched back to 
the splitless mode. It was then heated up to 230°C at a ramp rate of 10°C/s and held 
at 230。C for 10 min. The CIS was further heated up to 240°C at a ramp rate of 
10°C/s and held at the temperature for 10 min. 
A fused silica open tubular column (Supelcowax-10, Supelco-2-4081, 60m 
length, 0.25 mm i.d., 0.25 [im f i lm thickness, nominal; Supelco, Inc., Bellefonte, PA) 
was used as the analytical column. Helium gas (ultra-high purity grade, 99.999%) 
was used as the carrier gas with a constant linear velocity of 30cm/s. Oven 
temperature was programmed from 30°C to 195°C at a ramp rate of 6°C /min. The 
initial and final hold times were 5 and 30 min, respectively. Mass selective detector 
(MSD) interface, ion source and MS quadmpoles temperatures were set at 250°C, 
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230°C and 106°C, respectively. Ionization voltage was 70 eV and electron 
multiplier voltage was 1200 V. 
3.3 Results and discussion 
This study was to optimize the cooled injection system (CIS) for better 
efficiency of injection and reproducibility of the analytical results. The CIS system 
was evaluated with an artificial mixture composed of both trimethylamine (TMA) 
and dimethyl disulfide (DMS), since these two compounds were very common in 
preserved fish products. 
3.3.1 Reproducibility of the cooled injection system 
Reproducibility of the injection was determined by comparing the results 
from triplicate injections at different injection volumes. The corresponding areas 
are shown in Table 3.1. A l l the CVs were below 5% suggesting that the 
reproducibility of the CIS system was very good at different injection volumes 
(Thijssen et al., 2005). 
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Table 3.1 Reproducibility of the standard chemical injected into a cooled injection 
system. 
Vol. of injection. Compounds m/z^ Average S.D.^ CV %。 
0.5ml TMA 58 22230490 1109550 4.99 
dimethyl-disulfide 94 61983411 1173870 1.89 
1ml 1ml injection m/z Average S.D. CV % 
TMA 58 34966610 1725125 4.93 
dimethyl-disulfide 94 64066198 469306 0.73 
2ml 2ml injection m/z Average S.D. CV % 
TMA 58 39826858 1970738 4.95 
dimethyl-disulfide 94 83390319 3775911 4.53 
4ml 4ml injection m/z Average S.D. CV % 
TMA 58 93234714 3602969 3.86 
dimethyl-disulfide 94 178079737 7574647 4.25 
a: mass/ charge 
b: standard deviation 
c: coefficient of variation 
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3.3.2 Efficiency of different injection modes 
The efficiency of different injection modes was evaluated by comparing 
the response areas of the standard injection mixture. Three injection modes 
including splitless, split and solvent vent modes were compared. The response 
areas from headspace containing trimethylamine were the highest in the solvent vent 
mode, followed by the split and the splitless modes (Figure 3.1). 
The response peak areas of the compounds from solvent vent and split 
modes were much higher than that from the splitless mode. In the previous two 
modes, the inlet pressure was maintained at zero, hence the headspace could be 
easily injected. Since the f low rate was also zero, volatile compounds had more 
time for adhering to the cold trap surface. Comparing both solvent vent and split 
modes, the former one had no column flow rate during injection (which is 
1.4mL/min for split mode). The weak column flow rate in split mode might reduce 
the efficiency of the cool trap. 
3.3.3 Optimal equilibrium Time 
The peak areas of the volatile compounds from the headspace of the 
salted-dried fish samples incubated for a period of half an hour to four hours are 
shown in Table 3.2. When the data was plotted (Figure 3.2)，incubation times of 
two and four hours gave similar aroma profiles. In order to save time and to obtain 
a representative headspace profile, incubation time of two hours at 50。C incubator 
was chosen to pretreat the fish samples for the rest of the research. 
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Figure 3.1 Areas (digital counts) of 5-ml trimethylamine headspace standards 
injected at different modes into a cooled injection system (Gerstel, Germany). 
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Table 3.2 Areas (digitial counts) of selected volatile compounds from - the 
headspace of a salted-dried fish sample incubated at different times (n=l) 
Equilibrium Time 
Compounds CAS" R.T.^ m/z" 1/2 Hr 1 Hr 2 Hr 4Hr 
trimethylamine 75-50-3 5.11 58 0 7368587 10222003 10829575 
methanethiol 74-93-1 4.89 47 10660142 6140112 2609354 2216957 
2-methylpropanal 78-84-2 7.10 43 3540435 11927191 13871187 13927445 
3-methylbutanal 590-86-3 9.65 41 2408974 10117707 11837275 11760131 
2-ethylfuran 3208-16-0 10.80 81 401718 882875 885080 909900 
Acetonitrile 75-05-8 12.23 41 2353196 4860841 5022375 2349580 
Chloroform 67-66-3 12.76 83 158626 304729 344759 361990 
Toluene 108-88-3 13.47 91 164380 382333 397629 399309 
dimethyldisulfide 624-92-0 14.49 94 4666843 5663275 5020063 4948322 
2-heptanone 110-43-0 17.62 43 165145 547167 570466 550651 
dimethyltrisulfide 3658-80-8 23.02 126 117031 13912 7406 95215 
benzaldehyde 100-52-7 26.14 105 49678 184030 197785 184734 
Naphthalene 91-20-3 30.86 128 43693 248873 261331 245040 
a: Chemical Abstracts Service Resistry Number 
b: Retention time (min) 
c: mass/charge 
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Figure 3.2 Comparison of volatile compounds in the headspace of a salted-dried 
fish sample incubated at different periods of time 
I ~ -J _ 1/2 Hr 
^111 ^ ~ ~ ^ -ea UL L I H ‘ 0 2 H r 
6000000 Z i l - k l H I 
4000000/ | U | I 〜賽 f ^ ‘ ~~~~~~~~~ ~~ 1=14Hr 
2000000^  III II 灿穩 £ ' I ^^  
i i I I I = ^ / i H r Incubation T,n,e 




In view of the different methods for volatile compounds extraction, 
headspace technique was chosen for my further studies. As this method has a low 
interference to the sample volatile compounds. Also, it could capture the main 
odorants that are normally perceived during orthonasal sniffing of a food product. 
It provides the first impression the of product quality. The trade-off of this 
technique was that lesser compounds would be collected which directly affected their 
identifications by a MS. Therefore, large volume of headspace should be collected 
to increase the concentration of the compounds. The cooled trap system (CIS) 
enabled a large volume of headspace to be injected for better identification by the 
MS. 
From the results of both reproducibility and efficiency of the CIS system, 
the solvent vent injection mode giving the best results would be used for the 
subsequent experiments. The optimal equilibrate time for the salted-dried fish 
sample in a gas tight vial was found. From the results of compound response areas 
and incubation times, incubation times for two to four hours were essentially the 
same for the compounds tested. Therefore, an incubation time of 2 hours at 50°C 
was chosen for the sample incubation. 
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Chapter 4 
Volatile compounds in the headspace of salted-dried fish 
4.1 Introduction 
Aroma plays a critical role in determining the quality of fish (Lindsay, 
1990). When consumers purchase a fish, they first look at the appearance of the 
fish. However, the aroma of the fish is usually the determining factor for purchase 
(Lindsay, 1990). It is because aroma is a quick method to determine the freshness 
of fish. In the case of preserved fish, e.g. salted-dried fish, aroma is a significant 
parameter in grading the fish. It is not surprising to see a Chinese buyer holding a 
salted-dried fish close to his nose and sniff it for quality evaluation. 
The headspace of a food product is mainly composed of very volatile 
compounds that can be found in the food matrix (Buttery and Teranishi, 1963). 
Some of which may be very potent aroma-contributing substances while some may 
not carry any characteristic odor. By comparing the composition of the headspace, 
similarities between different samples can be outlined. This is the reason that 
people often use their nose to grade food products. Some foods such as fruits have 
simple headspace matrices. Their aroma is easy to describe. However, some food 
products, such as salted-dried fish, have very complex headspace matrices. 
Consumers always have difficulties in describing their odor in simple words. In the 
case of salted-dried fish, people may describe it as a mixture of rich, solar-salt-like, 
dried-squid-like, pungent, and roasted meaty aromas. 
This part of the study dealt with the very volatile headspace components of 
several popular salted-dried fishes found in Hong Kong. Some of these compounds 
are probably responsible for the odor perceved by consumers during purchasing. 
As salted-dried fish still have a share in the dried seafood market, knowing their 
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aroma composition can help to pinpoint the components that are responsible for their 
product quality. 
Three popular salted-dried fishes, namely, threadfin {Eleutheronema 
tetradactylus), pawak croaker (Angyrosomus pawak), and white herring (Jlisha 
elongata), available in the dried seafood markets in Hong Kong were studied. 
These three species of salted-dried fishes were prepared by two common types of 
salting methods including regular salting and delayed salting; collected from two 
dried seafood locations for two consecutive years. The effects of steamed and 
non-steamed salted-dried fish of each fish types were also investigated. 
4.2 Materials and Methods 
4.2.1 Sample preparation 
Salted-dried threadfins (Eleutheronema tetradactylus), pawak croaker 
{Angyrosomus pawak) and white herring (Ilisha elongata), prepared by both delayed 
salting and regular salting methods, were bought from two famous dried-seafood 
markets, Tai O on Lantau Island and Sai Wan in Hong Kong Island, in Hong Kong in 
2000 and 2001. 
The fish was clearly labeled after purchase for easy assessment and storage. 
Letters of the alphabet were given to each kind of salted-dried fish - "Q" referred to 
pawak croaker; “H，，referred to white herring and “M’，referred to threadfin. To 
differentiate between the two preparation methods, "R" and "D" were used to 
represent regular salted and delayed salted types. The locations of purchase were 
denoted by “L，，and “F，，for Tai O and Sai Wan, respectively. Finally, "a" and "b" 
referred to the years 2000 and 2001, respectively. The salted-dried fish samples 
used in this experiment were listed in Table 4.1. 
After purchase, the samples were transported back to the Biology 
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Department at the Chinese University of Hong Kong in its original package and 
stored temporarily in a cool and dry location. Within two days of purchase, the fish 
were grouped and beheaded. They were then kept in an air-tight glass container 
stored in a freezer (-20。C) before analysis. 
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Spices Method Location Year 2000 (a) Year 2001 (b) 
Pawak croaker delayed (D) TaiO (L) QDLal QDLa2 QDLa3 QDLbl QDLb2 QDLb3 
(Q) SaiWan (F) QDFal QDFa2 QDFa3 QDFbl QDFb2 QDFb3 
regular (R) TaiO (L) QRLal QRLa2 QRLa3 QRLbl QRLb2 QRLb3 
SaiWan (F) QRFal QRFa2 QRFa3 QRFbl QRFb2 QRFb3 
White herring delayed (D) TaiO (L) HDLal HDLa2 HDLa3 HDLbl HDLb2 HDLbS 
(H) SaiWan (F) HDFal HDFa2 HDFa3 HDFbl HDFb2 HDFb3 
regular (R) TaiO (L) HRLal HRLa2 HRLa3 HRLbl HRLb2 HRLb3 
SaiWan (F) HRFal HRFa2 HRFa3 HRFbl HRFb2 HRFbS 
Threadfms delayed (D) TaiO (L) MDLal MDLa2 MDLa3 MDLbl MDLb2 MDLb3 
(M) SaiWan (F) MDFal MDFa2 MDFa3 MDFbl MDFb2 MDFb3 
regular (R) TaiO (L) MRLal MRLa2 MRLa3 MRLbl MRLb2 MRLb3 
SaiWan (F) MRFal MRFa2 MRFaS MRFbl MRFb2 MRFb3 
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4.2.2 Headspace analysis and gas chromatography-mass spectrometry 
(GC-MS) 
Ten grams of fish were obtained by cutting across the dorsal and ventral 
fins of each fish with a pair of stainless steel scissors. The chuck of meat was then 
divided vertically into two halves. One halve was used as the control (without 
steaming, non-steamed) and the other was used for the experimental treatment 
(steamed). The control samples were blended with a household blender for 10 
seconds and transferred to a 20-mL gas-tight vial. It was then equilibrated at 50°C 
in an incubator (Model 132000, Boekel Scientific, Cambridge, England) for two 
hours. The headspace of the sample was collected for gas chromatography-mass 
spectrometry (GC-MS) analysis. The GC-MS system consisted of a temperature 
programmable cooled injection system (CIS 4, Gerstel, Germany); a 
Hewlett-Packard 6890 GC coupled with a HP 5973 mass selective detector (MSD) 
(Hewlett-Packard Co., Palo Alto, CA, U.S.A.). Ten millimeters of headspace were 
collected with a gas-tight syringe (SGE) and injected into the CIS coupled to a 
GC-MS system. 
The CIS in split mode was cryogenically cooled down to -150°C with 
liquid nitrogen and held at the temperature during the headspace injection to 
cryofocus the volatile compounds. After injection, the CIS was switched back to 
splitless mode。 It was then heated up to 230°C at a ramp rate of 10°C/s and held at 
230°C for lOmin. The CIS was further heated up to 240。C at a ramp rate of 10。C/s 
and held at that temperature for lOmin. 
A fused silica open tubular column (Supelcowax-10, Supelco-2-4081, 60m 
length X 0.25 mm i.d. x 0.25 \im f i lm thickness, nominal; Supelco, Inc., Bellefonte, 
PA) was used as the analytical column. Helium gas (ultra high purity grade, 
99.999%) was used as the carrier gas with a constant linear velocity of 30cm/s. Oven 
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temperature was programmed from 30°C to 195°C at a ramp rate of 6°C /min. The 
initial and final hold times were 5 and 30inin, respectively. Mass selective detector 
(MSD) interface, ion source and MS quadrupoles temperatures were set at 250°C, 
230°C and 106°C, respectively. Ionization voltage was 70 eV and electron 
multiplier voltage was 1200 V. 
The experimental fish samples were steamed for 20 minutes and then 
immediately blended with a blender (MX-T2GM，Matsushita Electric Co. Ltd., 
Taipei, Taiwan) for 10 seconds. Thereafter the fish was transferred to a 20mL gas 
tight vial and capped. The vial was placed in an incubator at 50°C for two hours. 
Ten millil iters of the headspace were injected for GC-MS analysis. 
Immediately after headspace analysis, one gram of blended fish sample 
was transferred from the vial for moisture analysis. The moisture content of the 
salted-dried fish was determined by a Mettler LJ16 moisture analyzer 
(Mettler-Toledo, Switzerland). 
4.2.3 Identification, quantification and odor activity values (OAV) of 
compounds 
Tentative identifications of the very volatile compounds were done by 
matching mass spectra of the unknowns with those suggested by the Wiley Chemical 
database edition, Hewlett-Packard Co., Palo Alto, CA). Compounds were 
positively identified by comparing their mass spectra and retention times with those 
of authentic standards (van den Dool and Kratz, 1963) under the same experimental 
conditions. 
Positively identified compounds were quantified by the establishment of 
calibration curves with the authentic compounds. Amount (g/g) of a compound in 
10-mL sample headspace was calculated by the following equation (1): 
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Selective fragment area of a compound (unit) x response 
factor from the same fragment of the same compound 
(g/unit) 
Amount (g/g) = — 
dry weight of a sample (g) 
⑴ 
In order to estimate the aroma impact of the compounds formed, their odor 
activity values (OAVs) were calculated. The odor activity value of a compound was 
calculated by the following equation (2): 
Amount (g) of a compound in 1 mL headspace from 1 g sample 
O A V = ” 
Threshold value (g/mL) of the compound 
(2) 
4.2.4 Statistical analysis 
The mean values of each volatile compound in the 24 groups of salted 
dried fishes were compared by one way analysis of variance (ANOVA). When results 
showed significance, multiple comparison using Tukey test would be performed with 
a computer software (SPSS 10.1, Chicago, IL) at j!7=0.05 level of significance. Same 
alphabets in the same row means no significant difference at 0.05 level of 
significance. 
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4.3 Results and discussion 
4.3.1 Headspace profiles of three salted-dried fishes in Hong Kong 
There were a total of 63 volatile compounds positively identified and 31 
tentatively identified compounds in salted-dried pawak croaker. Of the positively 
identified compounds, acids (2), alcohols (12)，aldehydes (12), hydrocarbons (7), 
esters (4), furans (3)，ketones (8)，nitrogen-containing (N-containing) compounds (4)， 
pyrazines (3), pyridines (1)，pyrroles (2)，sulphur-containing (S-containing) 
compounds (5) were found. A list of volatile compounds found in the salted-dried 
pawak croaker was shown in Tables 4.2.1 and Table 4.2.2. The aroma active 
compounds (OAVs >1) were shown in Tables 4.3.1 and 4.3.2. 
In salted-dried white herring, there were a total of 60 positively identified 
compounds and 26 tentatively identified compounds. The compounds positively 
identified belong to the following classes: acids (2)，alcohols (12), aldehydes (11)， 
hydrocarbons (7), esters (2)，furans (3), ketones (8), N-containing compounds (4), 
pyrazines (3), pyridines (1)，pyrroles (2), S-containing compounds (5). The 
identified and tentatively identified compounds were shown in Tables 4.2.1 and Table 
4.2.2 respectively. While the important aroma compounds (OAVs >1) were shown 
in Tables 4.4.1 and 4.4.2. 
In salted-dried threadfin, 61 volatile compounds were positively and 31 
tentatively identified. Of the positively identified compounds, acids (2), alcohols 
(12), aldehydes (12), hydrocarbons (7), esters (2), furans (3), ketones (8), 
N-containing compounds (4), pyrazines (3)，pyridines (1), pyrroles (2)，S-containing 
compounds (5) were found. Lists of the compounds found in threadfin were shown 
in Tables 4.2.1 and 4.2.2。And Tables 4.5.1 and 4.5.2 showed the important aroma 
compounds (OAVs >1) in salted-dried threadfin. 
Table 4.6 showing the overall average concentration and OAVs of 
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Table 4.2.1 Volatile compounds positively identified in salted-dried pawak croaker, 
white herring and thredfin. 
Group No. Compound^ CAS' RT^ m/z' slope Pawak Croacker' White Herring Threadfm 
area/ug (x10^) 
Acids 1 Acetic acid 64-19-7 24.09 1415 45 190 Y Y Y 
2 Butyric acid 107-92-6 27.89 1546 60 490 Y Y Y 
Alcohols 1 1-Propanol 71-23-8 13.15 1004 59 12 Y Y Y 
2 2-Methyl-l-propanol 78-83-1 14.70 1056 43 147 Y Y Y 
3 l-Methoxy-2-propanol 107-98-2 15.83 1093 45 219 Y Y Y 
4 1-Butanol 71-36-3 16.20 1106 56 379 Y Y Y 
5 l-Penten-3-ol 616-25-1 16.63 1121 57 779 Y Y Y 
6 3-Methylbutanol 123-51-3 17.95 1169 55 355 Y Y Y 
1 1-Pentanol 71-41-0 19.08 1210 42 245 Y Y Y 
^ l-Hexen-3-ol 4798-44-1 19.10 1211 57 62 Y Y Y 
9 Cyclopentanol 96-41-3 20.66 1271 57 660 Y Y Y 
1G cis-2-Penten-l-ol 1576-95-0 20.83 1278 57 292 Y Y Y 
11 1-Hexanol 111-27-3 21.70 1312 56 367 Y Y Y 
12 l-Octen-3-ol 3391-86-4 23.95 1409 57 312 Y Y Y 
Aldehydes 1 Propanal 123-38-6 6.79 734 58 1 Y Y Y 
2 Butanal 123-72-8 8.65 783 44 45 Y Y Y 
3 Isobutyraldehyde 78-84-2 9.23 798 43 22 Y Y Y 
4 2-Methylbutyraldehyde 96-17-3 9.66 830 57 261 Y Y Y 
5 Isovaleraldehyde 590-86-3 9.74 836 42 35 Y Y Y 
® Pentanal 110-62-3 11.60 943 44 362 Y Y Y 
1 Hexanal 66-25-1 14.74 1057 56 143 Y Y Y 
® Heptanal 111-71-7 17.74 1162 70 4 Y Y Y 
9 4-Heptenal 6728-31-0 19.23 1216 68 234 Y Y Y 
Octanal 124-13-0 20.56 1267 55 79 Y Y Y 
11 Nonanal 124-19-6 23.13 1373 57 284 Y nd Y 
12 Benzaldehyde 100-52-7 26.11 1502 105 375 Y Y Y 
Alkanes 1 Pentane 109-66-0 4.40 500 43 1278 Y Y Y 
&alkenes ^ Heptane 142-82-5 5.49 700 43 898 Y Y Y 
3 Ethylidenecyclohexane 1003-64-1 13.15 1004 81 264 Y Y Y 
4 Toluene 108-88-3 13.44 1014 91 1474 Y Y Y 
5 p-Xylene 106-42-3 16.49 1117 91 648 Y Y Y 
6 Styrene 100-42-5 19.69 1234 104 895 Y Y Y 
7 Napthalene 91-20-3 30.77 1634 128 627 Y Y Y 
Esters 1 Ethyl acetate 141-78-6 8.88 789 43 605 Y nd nd 
2 Ethyl butyrate 105-54-4 13.27 1008 71 414 Y Y Y 
3 Butyl butyrate 109-21-7 18.62 1193 71 440 Y nd nd 
4 Isoamyl butyrate 106-27-4 19.98 1245 71 432 Y Y Y 
Furans 1 2-Ethylfuran 3208-16-0 10.80 912 81 228 Y Y Y 
2 2-n-Butyl fruan 4466-24-4 16.28 1109 81 534 Y Y Y 
3 2-Pentylfuran 3777-69-3 18.98 1207 81 10 Y Y Y 
4 6 
Page 1 of 2 
Table 4.2.1 (cont'd) 
Group No. Compound^ CAS^ RT^ R|3 m/z' slope Pawak Croacker^ White Herring Threadfin 
area/ug (x10^) 
Ketones 1 2-Pentanone 107-87-9 11.52 940 43 968 Y Y Y 
2 3-Hexanone 589-38-8 13.94 1030 43 345 Y Y Y 
^ 2-Heptanone 110-43-0 17.60 1157 43 596 Y Y Y 
4 3-Octanone 106-68-3 19.61 1230 43 163 Y Y Y 
5 3-Hydroxy-2-butanone 513-86-0 20.30 1257 45 319 Y Y Y 
6 2-Octanone 111-13-7 20.38 1260 58 547 Y Y Y 
1 2-Nonanone 821-55-6 22.95 1366 43 14 Y Y Y 
® Acetophenone 98-86-2 28.80 1568 105 335 Y Y Y 
N-containini 1 Trimethylamine 75-50-3 5.41 687 58 192 Y Y Y 
2 Acetonitrile 75-05-8 12.22 968 41 694 Y Y Y 
3 (Dimethylamino)acetonit 926-64-7 18.94 1205 83 261 Y Y Y 
4 Benzonitrile 100-47-0 27.84 1544 103 624 Y Y Y 
Pyrazines 1 2,5-Dimethylpyrazme 123-32-0 21.24 1293 108 428 Y Y Y 
2 2,6-Dimethylpyrazine 108-50-9 21.41 1300 108 601 Y Y Y 
3 Trimethylpyrazine 14667-55-1 23.25 1378 122 649 Y Y Y 
Pyridines 1 2-Ethylpyridine 100-71-0 20.23 1254 106 55 Y Y Y 
Pyrroles 1 l-Methylpyrrole 96-54-8 16.34 1111 81 658 Y Y Y 
2 Pyrrole 109-97-7 25.59 1481 67 54 Y Y Y 
S-containing 1 Dimethyl disulfide 624-92-0 14.42 1046 94 982 Y Y Y 
2 2-Methylthiophene 554-14-3 15.03 1067 97 247 Y Y Y 
3 3-Methylthiophene 616-44-4 15.87 1095 97 444 Y Y Y 
4 Bis(methylthio)methane 1618-26-4 20.59 1268 61 247 Y Y Y 
5 Dimethyl trisulfide 3658-80-8 22.98 1367 126 458 Y Y Y 
Total : 63 60 61 
1 Compounds in order of their elution sequences in each class of comounds. 
2 Chemical Abstracts Service Resistry Number. 
3 Retention time and retention index (van den Dool and Kratz, 1963) calculated from the average of all replicates. 
4 Selected fragment for calculation of compound amount. 
5 Y : compound present in the sample; nd: compound not present in the sample 
47 
Page 1 of 2 
Table 4.2.2 Volatile compounds tentetively identified in various groups of salted-dried 
pawak croaker , white herring and threadfin 
Group No. Compound^  ^ Rf Rp m/z" Pawak Croacker' White Herring i^ readfin 
Alcohols 1 ??? 18.59 1192 107 丫 Y Y 
2 2-Ethylhexanol 104-75-7 24.86 1449 57 丫 Y Y 
Aldehydes ^ 2-Methyl-2-butenal 1115-11-3 15.04 1067 84 丫 丫 丫 
2 2-Ehtyl-2-butenal 19780-25-7 16.97 1134 98 � Y Y 
3 2-Methyl-2-heptenal 30567-26-1 22.21 1334 55 丫 Y Y 
Alkenes ^ trans-4-Octene 14850-23-8 8.42 777 55 丫 nd Y 
2 2,6-Dimethyl-2,4-heptadiene 4634-87-1 15.27 1075 109 丫 丫 Y 
3 l,3.cis,5-cis-Octatriene 40087-62-5 15.59 1085 79 丫 Y Y 
4 1-Acetyl-1-cyclohexene 932-66-1 19.49 1226 81 ^ nd Y 
5 ? ? ? 1 9 . 6 4 1 2 3 2 5 5 Y n d Y 
® Butenyl-cyclohexene 74664-14-5 20.74 1274 107 丫 � � 
1 p,a-Dimethylstyrene 1195-32-0 24.21 1420 132 丫 Y Y 
Aromatics ^ ??? 17.76 1162 91 丫 、 、 
2 l-Ethyl-4-methyl-benzene 622-96-8 20.48 1264 105 丫 Y Y 
Y Y Y 
??? 24.39 1428 146 ‘ t t 
Esters 1 Methyl ester, 6-nonynoic acid 20731-17-3 19.95 1244 79 丫 � � 
Furans ^ 3-Methylfuran 930-27-8 8.47 778 82 ^ � � 
2 2-Hexyl-fiiran 3777-70-6 21.60 1308 81 � nd Y 
Ketones ^ 2,3-Octanedione 585-25-1 21.25 1294 43 丫 Y Y 
2 6-Octen-2-one 35194-31-1 21.55 1306 43 丫 Y Y 
Mis 1 ??? 12.73 988 8 3 丫 Y Y 
2 2-Ethylacrolein 922-63-4 20.72 1273 84 ^ � � 
3 Isovaleronitrile 625-28-5 15.93 1097 43 丫 Y Y 
Pyrazines ^ ??? 22.83 1361 121 丫 Y Y 
2 3-Ehtyl-2,5-dimethylpyrazme 13360-65-1 24.21 1420 135 丫 Y Y 
Pyrroles ^ 2,5-Dimethylpyrrole 625-84-3 19.98 1245 94 丫 Y Y 
2 2-Ethyl-4-methy 1-1 H-pyrrole 69687-77-0 22.05 1327 94 丫 丫 Y 
3 1-Pentyl-lH-pyrrole 699-22-9 22.96 1366 81 丫 � � 
4 l-Ethyl-lH-pyrrole 617-92-5 27.77 1578 80 丫 Y Y 
S-containing ^ Methanethiol 74-93-1 5.37 679 47 丫 Y Y 
2 s-Methyl 3-methylbutanethioate 23747-45-7 18.87 1202 57 \ 丫 
f ^ ： 31 26 ^ 
1 Compounds in order of their elution sequences in each class of comounds. 
2 Chemical Abstracts Service Resistry Number. 
3 Retention time and retention index (van den Dool and Kratz, 1963) calculated from the average of all replicates, 
4 Selected fragment for calculation of compound amount. 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































positively identified compounds in the three salted-dried fish species. 
4.3.1.1 Aldehydes and alcohols 
The average concentrations of volatile compounds positively identified in 
the three species of salted-dried fish (pawak croaker, white herring and threadfin) 
were shown in Table A4.5 (Appendix) and the average OAVs were shown in Table 
A4.6 (Appendix). The two largest groups of compounds found in the salted-dried 
fish were alcohols and aldehydes. In the 12 positively identified aldehydes, 
propanal (ave: 4412.71 [Q], 461.95 [H], 5650.43 [M];ng/g) was present at an 
extremely high concentration. In addition, isovaleraldehyde (ave: 265.70 [Q], 
317.34 [H], 319.98 [M];ng/g), isobutyraldehyde (ave: 48.54 [Q], 67.42 [H], 152.82 
[M];ng/g) and heptanal (ave: 34.74 [Q], 13.00 [H], 82.58 [M];ng/g) were also present 
in high quantities. 
In total 12 alcohols were positively identified, of which, 1-propanol ( ave: 
19.06 [Q], 12.24 [H], 28.60[M];ng/g) and l-penten-3-ol (ave: 13.98[Q], 10.20[H], 
27.60[M]; ng/g) were present in the highest amount. This was followed by 
2-methyl-1-propanol (ave: 6.92[Q], 3.66[H], 13.10[M];ng/g). The average 
concentration of aldehydes was ten times higher than that of the alcohols (Appendix 
Table A4.5). The OAVs of the aldehydes were also higher than that of the alcohols 
(Appendix Table A4.6). This showed that aldehydes were generally having a higher 
aroma impact than alcohols in the fish samples. Table 4.6 listed out the active 
aroma compounds (average OAVs>l) in the salted dried fish. Aldehydes still 
remain the major groups, but for alcohols only three out of 12 had average OAVs 
larger than one. 
Aldehydes were a major class of compounds that contributed to the odor of 
6 3 
seafood products. They were also a major group identified in the fresh fish aroma 
(Josephson and Lindsay, 1986). Cha and Cadwallader (1995) identified large 
amount of aldehydes in the salt-fermented fish paste of anchovy {Engraulis japonica) 
and big-eyed herring (Harengula zunasi). They were found in scallop and fish 
(Josephson et al., 1985; Josephson, 1991; Lindsay, 1996; Chung et al., 2001). The 
6-, 8-, and 9-carbon aldehydes were derived from the unsaturated fatty acids of a fish 
due to its lipoxygenase activities (Josephson and Lindsay, 1986; Josephson and 
Lindsay, 1987a; Josephson and Lindsay, 1987b; Olafsdottir and Fleurence, 1998). 
Propanal was the most abundant compound among the three salted-dried 
fish samples. Having a threshold of 0.06 ng/mL in air, propanal had the second 
highest overall average OAV (ave.: 4418.71 units, Table 4.6). Hence propanal 
might play an important role in the aroma of salted-dried fish. Propanal has a sharp 
and pungent note (Sigma and Aldrich, 2004). It was a product generated from the 
autoxidation of docosahexaenoic acid (Durnford and Shahidi, 1998) in the fish tissue. 
Docosahexaenoic acid, an omega-3 fatty acids was reported in many fishes 
(Simopoulos, 1995). 
The second aldehyde with high OAV was isovaleraldehyde (ave.: 3691.54 
units, Table 4.6). It may provide a fruity, sweaty and sour note (Sigma and Aldrich, 
2004) to the salted-dried fish. Isovaleraldehyde could be formed by reaction 
between reductones and leucine in food (Hrudey et al., 1998). Isobutyraldehyde 
was the third abundant aldehyde, but it poccessed only a low average OAV of 72.83 
units (Table 4.6). It could give a sharp and pungent note (Sigma and Aldrich, 2004) 
to the fish aroma. 
Other common aldehydes presented in low concentration including hexanal, 
benzaldehyde and (Z)4-heptenal. Due to their low OAVs (Table 4.6), they provided 
only a minor background aroma to the overall aroma properties. Hexanal was a 
6 4 
product of the autoxidation of polyunsaturated fatty acids in fish (Durnford and 
Shahidi, 1998). It accumulated in the fish body with time. It gave a green or 
cucumber-like aroma to fish and might contribute to the aroma of the salted-dried 
fish as its concentration in the headspace was 10 ng/g per 20 mL injection (Appendix 
Table A4.5) which exceeded the threshold value (0.06ng/mL) of this compound. 
Benzaldehyde might contribute a very pleasant aroma note (almonds) (Sigma and 
Aldrich, 2004) to the salted-dried fish. (Z)-4-Heptenal was commonly found in 
cooked and stored seafoods. However, its concentration in the salted-dried fish was 
low (ave: 0.20 [Q], 0.09 [H], 0.32 [M];ng/g; Appendix Table A4.5). It was 
produced from the precursor (^,Z)-2,6-nondienal via water-mediated retro-aldol 
condensation (Josephson and Lindsay, 1987b). At both high temperature and pH, 
its production of (Z)4-heptenal was enhanced. It gave a baked potato, cardboardy 
note (Sigma-Aldrich, 2004) at low concentration in water, but a paint or oil-like 
aroma instead at high concentration (Lindsay, 1990). 
The 6-, 8-, and 9-carbon alcohols were derived from the unsaturated fatty 
acids characteristic of fish by lipoxygenase activities (Olafsdottir and Fleurence, 
1998). Alcohols contributed less to the overall fresh fish-like odors than their 
corresponding carbonyls as they usually had higher thresholds (Josephson and 
Lindsay, 1986). Their calculated OAVs were very low (Appendix Table A4.6) 
Although n-propanol had the highest concentration among the alcohols, it 
did not contribute much to the overall odor due to its low OAV (overall ave.: 0.29; 
Appendix Table A4.6). 1-Propanol could be a product of fish spoilage by bacteria 
(Ahamed and Matches, 1983). l-Penten-3-ol was the second abundant alcohol. 
A large quantity of l-penten-3-ol had been found in the fermented fish and shrimp 
pastes by Cha and Cadwallader (1995). It gave metallic green aroma note in fish 
meat. It may give little mild green and buttery note (Sigma-Aldrich, 2004) to 
6 5 
salted-dried fish as its OVA was quite low (overall ave.: 1.17 units, Table 4.6). 
l-Octen-3-ol could be found in the salted-dried fish. Although its 
concentration was not high (about 0.3ng/g), the threshold value of l-octen-3-ol was 
very low (0.016 ng/mL, Buttery et al., 1988). And its calculated OAV was the 
highest among the alcohols (overall ave.: 2.09 units, Table 4.6). Hence, it might be 
the most potent aroma active alcohol among others in the same class in the 
salted-dried fish. It could be produced from the degradation of linoleic acid by 
linoleic acid hydroperoxide (Josephson et al, 1983). It contributed a plant-like 
and mushroom-like aroma to oyster (Josephson et al., 1985), prawn, crayfish, and 
sandlobster (Tanchotikul and Hsieh, 1989). Similar aroma quality might be 
expected in the salted-dried fish as well. 
4.3.1.2 Hydrocarbons and ketones 
Eight hydrocarbons (alkanes and alkenes) and ketones were positively 
identified in the samples. Pentane (ave: 21.27 [Q], 3.26 [H], 76.30 [M];ng/g) and 
heptane (ave: 0.92 [Q], 1.24 [H], 3.42 [M];ng/g) were the most abundant alkanes, 
whereas 2-nonanone (ave: 1.26 [Q], 2.09 [H], 2.34 [M] ；ng/g) and 2-pentanone (ave: 
1.02 [Q], 1.07 [H], 1.85 [M];ng/g) were the most abundant ketones. (Form Table 
A4.5, Appendix). 
There was little investigation into the effect of volatile alkanes and alkenes 
on the aroma quality of fish (Josephson, 1991) even though these two groups of 
compounds usually existed in large amounts in fish. This may be due to their high 
threshold values and odorless properties. From Table A4.6 (Appendix) we can 
found that the OVAs of the hydrocarbons did not exceed O.OSunit, which was very 
low as compared with other chemical classes. As a result, the hydrocarbons were 
not a major odor-contributing group in salted-dried fish. They probably contribute 
6 6 
very little to the overall salted-dried fish aroma. 
Ketones usually contributed a pleasant fruity note to food products (Sigma 
and Aldrich, 2004). They usually have high average threshold values, hence do not 
give very high OAVs, and have weak aroma. Ketones were an important group of 
compounds in freshwater and saltwater fishes. Ketones were also a major class of 
compounds found in other seafood such as scallops (Chung et al., 2001). They 
might be formed from lipid oxidation during the heating process (Kubota et al., 
1982), by fungal enzymatic actions during fermentation or by Maillard reaction (Fors, 
1983; Su，1986; Wang and Hesseltine, 1970). Since production steps of salted-dried 
fish included their drying under the sun and fermentating them in salt, and the 
content of fish both contains carbohydrate and protein, these conditions facilitated 
various chemical and biochemical reactions to take place during the production and 
storage periods (Whitfield and Freeman, 1983). 
2-Nonanone was the most abundant ketone in the salted-dried fish. It had 
a threshold of 13.96ng/mL and had fruity and floral notes. It was also the most 
potent aroma among the ketones (overall average OVA of 0.72unit, Appendix Table 
A4.6). 2-Pentanone and 2-heptanone were both found at low levels in the 
salted-dried fish (about 0.5ng/g). They had thresholds of 5.5ng/mL and 0.7ng/mL 
(Appendix Table A4.2c), respectively. 2-Pentanone usually has a fruity and 
ethereal note whereas 2-heptanone has a fruity and spicy note (Sigma and Aldrich, 
2004). The pleasant floral aroma in the fish samples might come from these 
ketones. However, since the OAVs of ketones were low (<0.8，Appendix Table 
A4.6) they would only give very plain fruity and floral aroma in the salted-dried fish. 
4.3.1.3 Other nitrogen- (N-)containing and sulfur- (S-)containing compounds 
Two groups of aroma active compounds, other N-containing and 
6 7 
S-containing compounds were also found in the samples. Four N-containing 
compounds and five S-containing compounds were identified in salted-dried fish. 
In the N-containing group, trimethylamine (ave: 1208.39 [Q], 1106.88 [H], 377.76 
M];ng/g) existed at a very high concentrations. In the S-containing group, 
dimethyl disulfide (ave: 20.46 [Q], 44.63 [H], 74.59 [M];ng/g) existed at very high 
concentration and dimethyl trisulfide (ave: 0.83 [Q], 0.95 [H], 1.69 [M];ng/g) at a 
medium concentration. (From Table A4.5, Appendix) 
Trimethylamine was not only an abundant compound in the salted-dried fish 
headspace, it had the highest OAV (average >14000units). It gave a fishy odor at 
high concentrations and was usually associated with the deterioration of fish (Hebard 
et al., 1982). Trimethylamine oxide (TMAO) was the precursor of trimethylamine 
as well as dimethylamine (DMA). TMAO was reduced to TMA by microbial 
action, while it was broken down into DMA and formaldehyde by enzymatic reaction 
(Hebard et al, 1982). The condition of a fish determines which product is favored. 
In unfrozen fish, TMA production dominates as microbial growth is favored (Castell 
et a l ” 1973). While in frozen fish, DMA and formaldehyde are produced 
enzymatically, and TMA formation is prevented due to the inhibition of 
microorganisms (Amano and Yamada, 1964). TMAO is found in all saltwater fish 
and is used for osmoregulation in saltwater. The fish could either endogeiiously 
synthesize TMAO in their bodies (Agustsson and Strom, 1981) or accumulate it 
through the ingestion of shrimps and other invertebrates (Groninger, 1982). 
However, few freshwater fish were reported to contain TMAO (Hebard et al., 1982). 
TMA was a potent odor compound with 'old-fishy, or fish house-like 
aroma (Lindsay, 1991). It has a very low threshold of 0.006ng/mL. In contrast, 
TMAO has no odor. TMA in fish showed a different aroma quality than its pure 
form. When TMA reacted with the fat in fish, fishy odor was produced, whereas 
6 8 
the purified compound only gave an ammonia-like smell (Hebard et al” 1982). 
Compared to TMA, D M A was less fishy smelling and had an ammoniacal aroma 
(Lindsay, 1990). T M A were found in all three salted-dried fish at high 
concentrations. It contributed much to the salted-dried fish flavor due to its low 
threshold. Since T M A was so potent, it might mask the aroma notes of other 
volatile compounds in the samples。 
Acetonitrile was also found in all fish samples. This compound might be 
a contamination during analysis. It is an organic solvent and is usually not found 
naturally in food products. 
Similar to the other N-containing compounds, S-containing compounds 
also have potent aroma notes in foods and in most cases they are related to very 
potent aroma. Volatile S-containing compounds usually possess aroma notes that 
people associated with the deterioration of food products (Dumford and Shahidi, 
1998)，but they were not found in fresh fish. They gave characteristic seashore-like 
odors (Josephson et al, 1986). 
Dimethyl disulfide (DMDS) was found in all fish samples at an 
intermediate concentration (20-75 ng/g). It had a very low threshold value of 
0.04ng/mL and an average calculated OAV of 97.28 (Table 4.6). The aroma quality 
of this compound was dependent on its concentration; it gave a pleasant crab-like or 
seashore-like aroma at a low concentration, but an offensive odor at a high 
concentration (lida, 1998). It might contribute to a pleasant crab-like odor to fresh 
fish. When the DMDS accumulates in salted-dried fish, it would probably give an 
undesirable pungent note. Dimethyl disulfide were found in fermented fish and 
shrimp pastes (Cha and Cadwallader, 1995) as well as in dried scallop (Chung et al” 
2001). 
Dimethyl disulfide can be produced via different pathways. It might be 
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produced by singlet oxygen oxidation of methionine (Jung et al., 1998) (Figure 4.1) 
or by the methylation of methionine together with pectin during heating (Belitz and 
Grosch, 1999). Mussina and Katz (1973) postulated that DMDS originated from 
cysteine and xylose. Whichever the case, the formation of DMDS in salted-dried 
fish was favorable as all conditions were met during the fish salting and drying. 
Another potent S-containing compound, dimethyl trisulfide (DMTS), was 
also found in the salted-dried fish but at low concentration. Its precursor was also 
methionine and methional. It had an alliaceous and meaty note (Sigma and Aldrich, 
2004). Since DMTS had a very low threshold of 0.005ng/mL (in water) and its 
average OAV was about 21.63 units (Table 4.6). So DMTS might contribute 
specific meaty aroma note to the salted-dried fish samples. 
There was another interesting S-containing compound, 
bis(methylthio)methane, which may be an important aroma compound. Its 
calculated OAV was 0.24 unit (Table 4.6) based on the threshold value reported in 
water. Bis(methylthio)methane was reported as a strong and distinctive 
garlic-metallic off-flavor found in Australian prawns (Whitfield and Freeman, 1983). 
And it was believed that the compound was accumulated in the prawns body from 
their diets or life cycles (Whitfield and Freeman, 1983). Bis(methylthio)methane 
might contribute garlic like aroma note to salted-dried fish. 
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Figure 4.1 Formation of dimethyl disulfide from methionine by singlet oxygen 
oxidation (adapted from Jung, 1998). 
C'H3SCH2Cl i / :H(NH2 CH3SSCH3 
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4.3.1.4 Esters, furans and pyrazines 
There were a total of four esters identified in the salted-dried fish. However, some 
of them were not found in all three species and their concentrations were not high. 
Isoamyl butyrate (ave: 0.17 [Q], 0.11 [H], 0.14 [M];ng/g; Appendix Table A4.5) was 
the only common ester among the three fish samples. Its average OAV was about 
0.08unit (Appendix Table A4.6). It had a fruity, pineapple and banana note, and 
was usually found in fruits. Therefore, a very plain but pleasant fruity odor might 
be perceived in the fish sample (Durnford and Shahidi, 1998). 
There were two furans and one pyrazine identified. Both 2-pentylfuran 
(ave: 49.70 [Q], 42.18 [H], 96.46 [M];ng/g) and 2-ethylfuran (ave: 24.49 [Q], 18.83 
[H], 41.41 [M];ng/g) were at high concentrations. And 2,5-dimethylpyrazine (ave: 
0.72 [Q], 0.45 [H], 0.23 [M];ng/g) existed at a medium level (Appendix Table A4.5). 
Furans might be formed by simple sugar dehydration or fragmentation 
from Maillard reaction or from lipid oxidation (Fors, 1983). They were important 
odor-contributing compounds and were mainly associated with sweet, fruity, nutty 
and caramel-like odors (Fors, 1983). 2-Pentylfuran had moderate high OAV (ave. 
OAV: 68.84 unit, Table 4.6), it might contribute a green bean, metallic and vegetable 
aroma (Sigma-Aldrich, 2004) to the fish samples. It was also reported in the plain 
sufu (Chung, 1999). When compared to 2-pentylfuran, 2-ethylfuran had a relatively 
high recognition threshold value of 7296ng/mL, and its OAV was close to zero 
(Appendix Table A4.6). It had a note of sweet, ethereal and burnt odor (Sigma and 
Aldrich, 2004) and might be very difficult to be recognized in the salted-dried fish 
aroma. 2-Ethylfuran was also found in boiled and steamed Chinese dried scallop at 
medium concentrations (Chung et al., 2001). Since the overall influence of 
2-pentylfuran would be stronger than that of the other furans, a metallic green note 
might be expected in the fish samples instead of fruity and sweet odors. 
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Pyrazines found in the salted-dried fish could be the products of Maillard 
reactions and they were known to be important volatile compounds in the thermally 
processed foods (Maga, 1982; Maga and Sizer, 1973; Shibamoto, 1989). Since the 
Mail lard reactions accelerate in high temperature, sun-drying process during 
salted-dried fish production is likely to promote the formation of pyrazines. 
2,5-Dimethylpyrazine had aroma note of cocoa, roasted nuts, roast beef, woody and 
grassy (Sigma and Aldrich, 2004). It had high threshold value of 1782ng/mL and a 
very low OAV (Appendix Table A4.6)，it may not have significant aroma impact. A 
similar compound，2,6-dimethylpyrazine was also found in the fish samples. Its 
aroma note was similar to 2,5-dimethylpyrazine, but had a smaller threshold value of 
200ng/mL. These pyrazines might contribute less to the overall aroma quality 
since their OAVs were all close to zero (Appendix Table A4.6). 
4.3.1.5 Acids, pyrroles and pyridine 
Two acids and pyrroles were found, all at low concentrations (below 
0.6ng/g, Appendix Table A4.5). The acids might originate from the volatile fatty 
acids in the fish meat. However, they would not have a large influence on the 
overall aroma due to their low concentatration and very high threshold values. 
Acetic acid had an average calculated OAV of 0.04 unit whereas butyric acid was 
0.02 unit (Appendix Table A4.6). 
Pyrroles could be produced by the interactions among the primary 
products formed during the Maillard reaction. However, like acids, pyrroles also 
played an insignificant role in the salted-dried fish aroma due to their high threshold 
values. Threshold values of 1//-pyrrole and 1 -methyl-1 //-pyrrole were 
49600ng/mL and 170000 ng/mL, respectively。 Their calculated OAVs were also 
close to zero (Appendix Table A4.6). 
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There was only one pyridine, i.e. 2-ethylpyridine, found in the salted-dried 
fish samples at a fairly low concentration (less than 0.45ng/g). Pyridines could be 
formed by Maillard reaction (Fors, 1983). 
4.3.1.6 Important aroma contributing compounds in salted-dried fish 
The average OAVs of different volatiles in salted-dried fish were shown is 
Table A4.6 (Appendix). Among the 63 positively identified compounds, only about 
16 compounds with OAV higher than one unit. There were 15, 15 and 16 
compounds in salted-dried pawak croacker, white herring and threadfm with OAVs 
higher than one unit, respectively. Most of the aroma contributing volatiles were 
aldehydes (propanal, butanai, isobutyraidehyde, 2-methylbutyraldehyde, 
isovaieraidehyde, pentanai, hexanal, heptanal, octanal and nonanal), followed by 
alcohols (3-methylbutanol, l-octen-3-ol), S-containing compounds (dimethyl 
disulfide, dimethyl trisulfide), ester (ethyl butyrate), furan (2-pentylfuran) and 
N-containing compound (trimethylamine) (Table 4.6). Since these compounds had 
higher OAVs than others, they were identified as ‘aroma contributing compounds' 
(ACC) in salted-dried fish. 
As some of the calculated OAVs were based on thresholds in water, under 
estimation of the potency of the volatiles might result i f the threshold value in air 
threshold was used. The Dimethyl trisulfide with an OAV of 21.63 units may be the 
most potent S-containing compound. Bis(methylthio)methane with a OAV of 0.24 
unit may also be a potent aromatic compound i f threshold in air is known. 
4.3.2 Influence of steaming on the salted-dried fish headspace 
Comparing the volatile composition in both steamed and non-steamed 
salted-dried fishes, the concentration levels of many compounds decreased after the 
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steaming process. However, the concentration level of the ACC in salted-dried 
pawak croaker, white herring and threadfm were generally increased by the steaming 
process (aroma contributing compounds were listed in Table 4.6 and described in 
Section 4.3.1.6) (Appendix Table A4.2c, A4.3c, A4.4c). Most of these latter aromas 
were aldehydes which had pleasant odors. Therefore, cooked or steamed salted-dried 
fish would provide a better aroma than the non-steamed ones. 
The concentrations of furans were increased in steamed samples. Since 
furans were usually associated with sweet, fruity, nutty and caramel-like odors (Fors, 
1983), the aroma qualities of steamed salted-dried fishes might be better than the 
non-steamed one due to the increase in these compounds. 
In general, the concentrations of the other N-containing compounds (e.g. 
TMA), the pyrazines (e.g. 2,5-dimethylpyrazine, 2,6-dimethylpyrazine and 
trimethylpyrazine) and the pyridines were not affected by steaming. Since other 
N-containing compounds, e.g. TMA, DMA, were usually the more powerful aroma 
active compounds in spoilage fish, and pyrazines were usually related to a roasted 
smell, both steamed and non-steamed salted-dried fish would carry a characteristic 
aroma. Another potent aroma group, the S-containing compounds, generally 
increased in concentration level after steaming. S-containing compounds were 
usually associated with seashore-like aroma (Whitfield and Freeman, 1983; Dumford 
and Shahidi, 1998). Steamed fish samples may have such seashore-like aroma. 
No specific trend was observed between the steamed and non-steamed 
samples for alkanes. Generally, alkanes did not contribute any significant impact to 
the overall odor quality as they usually had high thresholds. 
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4.3.3 Difference in the headspace of salted-dried fish purchased between the 
first and second year 
As shown in Tables A4.2a, A4.3a and A4.4a (Appendix), salted-dried fish 
purchased in 2001 generally had a higher total concentration of volatile compounds 
than that of 2000 samples. When comparing the ACC only, similar observation 
remained (Tables 4.3.1, 4.3.2, 4.4.1, 4.4.2, 4.5.1, 4.5.2). This might be due to the 
environmental effect in different years. The abundance of food available to the fish 
during the two years might be quite different which could affect their composition. 
Subsequently, it contributed to the differences in the amount of various compounds. 
However, exception was found for both propanal and benzonitrile. They were 
significantly higher in the concentration level in 2000 than in 2001. 
4.3.4 Influence of salting methods on the salted-dried fish aroma 
The influences of salting method seemed to be different for different fish 
species. In salted-dried pawak croaker, the concentration of the volatiles produced 
by the delayed salting method was generally less than (in concentration) that 
produced by the regular salting method. The phenomenon was also found when 
considering the ACC only, except in the case of trimethylamine (Appendix Table 
A4.2a). The aroma active aldehydes were in higher amount in the regular salting 
salted-dried pawak croaker, this group of volatiles has more pleasant aroma notes 
than others. Hence, the regular salted-dried pawak croaker would have stronger 
desirable aroma than the delayed salted one. However, since the potent aroma 
active compounds, e.g. trimethylamine, were higher in the delayed salted-dried 
pawak croaker, this group of fish would be more potent in smell than the regular 
salted ones. 
In salted-dried white herring, the concentration of volatile compounds 
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produced in the delayed salting method were generally less than (in concentration) 
that produced from regular salting method. While in the case of ACC, the amounts 
were generally the same (Tables 4.4.1, 4.4.2). Hence there would be no difference 
in the perception between the delayed and the regular salted-dried white herring. 
In salted-dried threadfin, the concentration of volatile compounds produced 
in the delayed salting method was generally more than (in concentration) that 
produced from regular salting method. The same phenomenon was found when 
considering the aroma contributing volatiles only (Tables 4.5.1, 4.5.2), though most 
of them were at similar levels. The potent aroma active volatiles, trimethyiamine 
and dimethyl disulfide, were mainly response for the potent aromas in the fish 
product. Hence, the delayed salted-dried threadfin may have more potent aroma 
than the regular salted one. 
In the above three cases, a large proportion of the ACC shown no 
significant difference in concentrations when compared between the two salting 
methods. However, the concentrations of potent, pungent aroma active compounds 
were generally higher in the delayed salted fish. The most potent aroma active 
compound was trimethyiamine. It was produced by microbial action on TMAO 
(Hebard et al., 1982). Since the production condition of the delayed salted-dried 
fish was at room temperature condition (Tsang, 2002), TMA production dominates as 
microbial growth is favored (Castell et al., 1973). And in the regular salting 
methods, gutted raw fish were frozen in a refrigerator for a week before further 
processing (Tsang, 2002), this procedure might inhibit the bacterial growth in the fish 
while other aroma compounds might continue to develope enzymatically. 
4.3.5 Difference between salted-dried fish purchased at Sai Wan and Tai O 
The OAVs of ACC in the salted-dried fish purchased in Tai O were lower 
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than that of Sai Wan (Tables 4.3.1, 4.3.2, 4.4.1, 4.4.2, 4.5.1, 4.5.2). This may be 
because of the difference in the details of production. The salted-dried fish from 
Sai Wan might be stronger in odor than those purchased in Tai O. 
4.3.6 Difference between salted-dried fish produced from difference fish 
species 
Most of the volatile compounds positively identified among the three 
salted-dried fish were the same. Pawak croacker had the highest number of volatile 
compounds (63), followed by threadfm (61) and white herring (60) (Table 4.2.1). 
The difference in number of volatile compounds was mainly due to the presence of 
esters. Four esters were found in the pawak croacker headspace while threadfm and 
white herring each had only two. Since esters usually gave a pleasant floral note to 
food products (Dumford and Shahidi, 1998), salted-dried pawak croacker might have 
more sweet and floral than the other two fish species. 
The concentrations of alcohols were higher in the salted-dried threadfin in 
general (Appendix Table A4.5). However, the two most abundant alcohols 
3-methylbutanol and l-octen-3-ol, based on concentration, were not significantly 
different among the fish species. Hence, the difference in the aroma among the 
species might not be noticeable. 
There was nearly no statistical difference in the concentrations of 
aldehydes among the three species of salted-dried fishes except for 
2-methylbutyraldehyde that was significantly higher in threadfin. There was one 
less aldehyde in white herring than the other two salted-fishes species. The aroma 
contributed by the aldehydes in the three types of fish might just be similar. 
The hydrocarbon group (alkanes and alkenes) showed a greater difference 
among the three samples. Threadfin had higher hydrocarbons concentrations than 
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the other two fishes. However, this group of compounds does not have a strong 
impact on the aroma quality. Besides, it has a low OAV (OAVs < 1 unit) (Appendix 
Table A4.6). 
The concentrations of ketones among the three fish samples were similar. 
The only noticeable difference was the lower concentration of 3-hydroxy-2-butanone 
in the salted-dried threadfin and the higher concentration of acetophenone in the 
white herring. 
The amounts of the other N-containing compounds and pyrazines in the 
three salted-dried fishes were similar. And the most potent S-containing 
compounds, dimethyl disulfide and dimethyl trisulfide, showed no significant 
difference (ANOVA, p>0.05) among the three species (Table 4.6). Hence, the 
difference in S-containing compounds might not make the aroma of the three 
salted-dried fish species very different from each other. However, differences might 
still exist i f fishes with specific conditions were compared. 
4.4 Conclusion 
The two major classes of volatile compounds found in the salted-dried 
fishes were aldehydes (12) and alcohols (12). The aroma impact of the aldehydes 
was higher than the alcohols since aldehydes usually had lower thresholds. Both 
aldehydes and alcohols contributed to the aroma in salted-dried fishes. The most 
concentrated volatile in the salted-dried fish was propanal. It had the second high 
OAV and contributed a intensive sharp and pungent note (Sigma and Aldrich, 2004). 
The second most concentrated volatile was trimethylamine. It had the highest OAV, 
and was one of the most important aroma active volatile in the headspace. 
Trimethylamine would give a fish house-like or seashore like aroma and was usually 
associated with the deterioration of fish. Another aroma active compound in the 
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salted-dried fish headspace was dimethyl disulfide. At low concentration, it 
contributes a pleasant crab-like or seashore-like aroma to the salted-dried fish. 
The headspace of steamed salted-dried fishes would have a more mild 
aroma than that of the non-steamed ones. This was because the concentration of 
the some volatiles such as the other N-containing compounds decreased during 
steaming, while compounds with pleasant notes, e.g. ketones, increased. Although 
concentrations of volatiles found in the regular salted-dried fish were higher than that 
of the delayed salted ones.under similar conditions, the concentrations for those 
several potent components based on the OAV were not much significantly different 
(p>0.05). The salted-dried fish purchased in Tai O also had a high amount 
(concentration) of volatiles that that from Sai Wan. The salted-dried fish from these 
two locations might be produced differently. When comparing the overall aromas 
among the three species of salted-dried fishes, differences were not significant. For 
example, salted-dried pawak croacker had more esters which might smell more sweet 
and floral than the other two fishes. Nevertheless, more differences could be found 
i f fishes were compared under similar conditions. 
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Chapter 5 
Aroma active compounds in salted-dried fish 
5.1 Introduction 
In order to have a more comprehensive study on aroma of salted-dried fish, 
a scale to measure individual aroma active compound is needed besides the overall 
headspace composition analysis. In flavor science, high quantity (concentration) of 
a compound may not imply its significant odor contribution. This is because the 
threshold value plays a significant role in aroma quality. A theoretical calculation 
of aroma significance is the odor activity value (OAV), which is the concentration of 
a volatile compounds divided by its threshold value. Hence, a compound found in 
high quantity but with high threshold may have a low OAV, but compound with less 
amount but low threshold may have a high OAV instead. The headspace analysis in 
Chapter 4 provided an overall description on the aroma profile of salted-dried fish. 
In this chapter, a dilution technique using both mass spectrometry and human nose as 
detector would give a better description on the salted-dried fish aroma quality. The 
OAV is a theoretical estimation on aroma intensity。 In practical, aroma extract 
dilution analysis (AEDA) and charm analysis are used in most cases for 
identification of potent volatile odorants (Grosch，1994). In both methods, extract 
of volatile compounds from food is diluted, for example in a series of two fold 
dilutions, and is then analyzed by a gas chromatography coupled with mass 
spectrometry and olfactometry (GC-MS-O). 
In charm analysis, the area of the chromatographic peaks are proportional 
to the compound intensity in an extract (Acree, 1993). In AEDA, flavor dilution (FD) 
factor (Grosch, 1993) refers to the ratio of the concentration of the compound in the 
original extract to its most dilute detecatable concentration in the GC-MS-O analysis. 
In both analyses, odorants with high charm value or FD factor are regarded as having 
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high overall aroma intensities. 
In this study, the headspace technique known as gas chromatography-static 
headspace analysis-olfactometry (GC-SHA-0) were used to screen for the potent 
aroma compounds in the salted dried fishes (Guth and Grosch, 1999). 
5.2 Materials and Methods 
5.2.1 Sample preparation 
Salted-dried threadfins {Eleutheronema tetradactylus), pawak croaker 
{Angyrosomus pawak) and white herring (Ilisha elongata), prepared by both delayed 
salting and regular salting methods, were bought from two famous dried-seafood 
markets, Tai O in Lantau Island and Sai Wan in Hong Kong in both years 2001 and 
2002. 
The fish was clearly labeled after purchase for easy assessment and storage. 
Letters of the alphabet were given to each kind of salted-dried fish - "Q" referred to 
pawak croaker; “H’，referred to white herring and “M，，referred to threadfin. To 
differentiate between the two treatment method, "R" and "D" were used to represent 
regular salted and delayed salted types. The location of purchase were denoted by 
" L " and “F” for Tai O and Sai Wan, respectively. Finally，“a’，and "b" referred to 
the years 2001 and 2002, respectively. The salted-dried fish samples used in this 
experiment were listed in Table 5.1 
After purchase, the samples were temporarily stored in a cool dry 
area in their original packages. Within two days of purchase, the fish were sorted, 
beheaded and cut into smaller pieces (2 cm width across the fish body using a pair of 
scissors). They were then stored in a freezer at -20°C in an air-tight glass container 
until ready for analyses. 
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Spices Method Location Year 1 Year 2 
Pawak croaker delayed (D) TaiO (L) QDLal QDLa2 QDLa3 QDLbl QDLb2 QDLb3 
(Q) SaiWan (F) QDFal QDFa2 QDFaS QDFbl QDFb2 QDFb3 
regular (R) TaiO (L) QRLal QRLa2 QRLa3 QRLbl QRLb2 QRLb3 
SaiWan (F) QRFal QRFa2 QRFa3 QRFbl QRFb2 QRFb3 
White herring delayed (D) TaiO (L) HDLal HDLa2 HDLa3 HDLbl HDLb2 HDLb3 
(H) SaiWan (F) HDFal HDFa2 HDFa3 HDFbl HDFb2 HDFb3 
regular (R) TaiO (L) HRLal HRLa2 HRLa3 HRLbl HRLb2 HRLb3 
SaiWan (F) HRFal HRFa2 HRFa3 HRFbl HRFb2 HRFb3 
Threadfins delayed (D) TaiO (L) MDLal MDLa2 MDLa3 MDLbl MDLb2 MDLb3 
(M) SaiWan (F) MDFal MDFa2 MDFa3 MDFbl MDFb2 MDFb3 
regular (R) TaiO (L) MRLal MRLa2 MRLa3 MRLbl MRLb2 MRLb3 
SaiWan (F) MRFal MRFa2 MRFa3 MRFbl MRFb2 MRFb3 
8 3 
5.2.2 Gas chromatography static headspace analysis and olfactometry 
(GC-SHA-O) 
A chunk of fish was obtained by cutting across the dorsal and ventral fins 
of each fish (10 grams). It was further divided vertically into two halves. One halve 
was the control portion (without steaming, non-steamed) and the other was the 
experimental portion (steamed)。Then three randomly picked halves from a batch 
of fishes of the same species was grouped as one sample. The moisture content of 
each sample was determined by a Mettler LJ16 moisture analyzer (Mettler-Toledo, 
Switzerland). For each control sample (consists of three fish halves), it was 
homogenized with a household blender (MX-T2GM, Matsushita Electric Co. Ltd., 
Taipei, Taiwan) for 10 seconds followed by manually mixing with a stainless steel 
spatula. Twenty-gram homogenized sample was used for aroma analysis by 
transferring the fish sample to a 285-ml gas tight glass culture vessel (Wheaton 
culture vessel, model no. 991760，Wheaton Scientific, New Jersey，USA). The 
vessel with the sample was left to equilibrate at 50°C in an incubator (Model 132000, 
Boekel Scientific, Cambridge, England) for 2 hours before the headspace volume 
was withdrawn for evaluation. For the the experimental portions (consists of three 
fish halves), fish samples were first steamed in boiling water for 20 minutes in a 
stainless steel pot in which a stainless steel wire gauze was positioned to hold the fish 
sample. The steamed sample was blended immediately and then twenty-gram 
sample was transferred to a 285-mL gas tight glass jar and equilibrate at 50°C for 2 
hours as before. 
Then 25, 5, 1 or 0.2 mL of headspace was collected with a gas-tight 
syringe (SGE) and injected into a gas chromatography (model 5973，Agilent, Palo 
Alto, CA, USA) couple to a mass spectrometry (Agilent), a flame ionization detector 
(Agilent) and an olfactometry (Gerstel, Germany) (GC-MS-FID-O) system. In 
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addition, the GC-MS-FID-0 system was installed with a temperature programmable 
cooled injection system (CIS 4，Gerstel，Germany). The operating conditions for 
the system were similar to those mentioned previously in Chapter Four. The 
column flow was split into the three detectors (the MSD，FID and O) at a ratio of 
1:1:1。by using deactivated capillary columns at different diameters and lengths. The 
transfer line of the sniff port for the olfactometry was set at 200°C. A trained 
panelist evaluated the effluent from the sniff port and reported the sensation, the time 
range, and its intensity all in a report sheet provided during each 30-minute session. 
Until a panelist reported no perceived odor for a sample, otherwise the same 
procedures would repeat for the next lower volume (which is 1/5 of the previous 
volume). In this experiment, three trained panelists carried out olfactometric analysis. 
5.2.3 Compound identitication 
Tentative identifications of compounds were done by matching mass 
spectra of unknowns with those suggested by the Wiley Chemical database 
edition, Hewlett-Packard Co., Palo Alto, CA). Compounds were positively 
identified by comparing their mass spectra, retention times or indices and odor 
descriptors with those of the authentic standards (van den Dool and Kratz, 1963) 
under the same experimental conditions。 
5.2.4 Calculation of flavor dilution (FD) factor 
The flavor dilution (FD) factor of a compound is defined as the largest 
headspace volume used in the evaluation divided by the smallest effective headspace 
volume effectively perceived by a panelist. The largest headspace volume used was 
defined as in the method described by the American Society for Testing and 
Materials (ASTM, E 679-91, 1997). As the method assumed that when a panelist 
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missed at the highest volume (25inL) available, s/he was assumed to be able to detect 
the compound at a higher volume, which is 125mL. On the other hand, a panelist 
who was able to perceive at the smallest volume (0.2mL) might miss at a lower 
volume of 0.04mL. Hence, the FD factor was expressed as in the below equation 
(2). 
™ r ^ 125 mL 
FD factor = 
smallest effective volume of headspace (2) 
perceived by a panelist (mL) 
According to equation (2), the corresponding FD factor for 125mL, 25mL, 
5mL, ImL, 0.2mL and 0.04mL were 1, 5, 25, 125, 625 and 3125 respectively. 
Since the actual volume that a panelist perceived would fall between a range, the 
mean FD factor between two adjacent FD factors was used to reflect the more 
realistic condition encountered by a panelist. 
An identity of an odorant was positively confirmed to be positively sniffed 
only when it fulfil led one of the following criteria: (1) a panelist reported the 
detection of an odorant at the same retention time for two consecutive dilutions or 
more. The most diluted volume of a compound perceived would be treated as the 
effective volume; (2) there was more than one panelist reporting the same odorant at 
the same retention time for the same sample. These criteria were used to eliminate 
the random reporting errors by a panelist. The calculation of the overall mean FD 
values of each compound obtained from three panelists was based on the geometric 
mean of the mean FD values perceived by each panelist. 
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5.3 Results and discussion 
5.3.1 Aroma active compounds in salted-dried fish 
There were five main classes of aroma perceived by the panelists. The 
descriptors were grouped into pungent (trimethylamine, hydrogen sulfide, 
methanethiol [tentatively identify], dimethyl disulfide, heptanal, 3-methylbutanol 
[tentatively identify], (Z)-4-heptenal, bis(methylthio)methane and dimethyl 
trisulfide), roasted aromatic (propanal, 3-methylbutanal[identical to isovaleraldehyde 
identified in Chapter Four], 2-methyl-2-butenal [tentatively identify], 
2-ethyl-4-methyl-7//-pyrrole [tentatively identify], 2-ethyl-6-methylpyrazine 
tentatively identify] and Methional), floral (chloroform, 3-hexanone and 
2,3-pentanedione), vegetative-like (hexanal, Z-2-penten-l-ol, 2,3-dimethylpyrazine, 
furfural,(五，灼-2，4-heptadienal [tentatively identify] and 3 -thiophenecarboxaldehyde 
[tentatively identify]) and penetrating (2,3-butanedione and cyclopentanol) aromas. 
The aroma active odorants identified in the steamed and non-steamed salted-dried 
fish are shown in Table 5.2a and 5.2b, respectively. 
5.3.1.1 Strong and Potent aromas 
Most of the odors perceived by the panelists were described as pungent 
odorants. There were totally 26 odorants found in the salted-dried fish, nine of 
them were pungent (Table 5.3). These compounds included trimethylamine (fishy, 
salty, deterioration-like); hydrogen sulfide (rotten egg like); methanethiol (decayed 
vegetable like); dimethyl disulfide (fried garlic and town gas-like); heptanal (fishy, 
fish oil, town gas-like); 3-methylbutanol (metallic sharp); (Z)-4-heptenal (fatty and 
grease); bis(methylthio)methane (fried garlic- or onion- like) and dimethyl trisulfide 
(fried garlic- or onion- like). Most of them had very high flavor dilution (FD) 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































to the salted-dried fish. In addition, their number of occurrence was very high 
among the samples. 
Trimethylamine, which was the second most abundant volatile among the 
headspace volatile compounds among the salted-dried fishes, had an average DF 
value of 266 and 351 in the steamed and non-steamed samples, respectively. This 
N-containing compound had been reported in saltwater fish. It gives faint seashore 
like aroma in low concentration (for example in fresh fish), but pungent fishy aroma 
at high concentration (for example in stored fish) (Hebard et al., 1982). Its 
influence in salted-dried fish was mainly from the latter. Since both DF value and 
concentrations were very high, its characteristic fishy aroma in salted-dried fish 
would be expected to be presence. However, its actual odor perceived by the 
panelists could be different when the whole salted-dried fish was directly evaluated. 
This was because trimethylamine could exhibit different aroma quality in different 
conditions. When evaluating the trimethylamine, it gave an ammonia-like odor 
(Hebard et al., 1982). But when it was evaluated in the presence of dimethyl 
sulfide it provided a pleasant seashore-like aroma. Different pH values would also 
affect the odor perceived (Kikuchi et al., 1976). Kikuchi and his colleagues 
(Kikuchi et al., 1976) found that when trimethylamine co-existed with acetic acid or 
propanoic acid, boiled fishy and unpleasant fishy aroma would be obtained at pH 7.3 
and pH 6.5 respectively. Since salted-dried fish consisted of abundant amount of 
volatile fatty acids (Chau, 2004), the original odor of trimethylamine in salted-dried 
fish would be altered due to the presence of the fatty acids. In most cases, 
consumers would object to the pungent odor of concentrated trimethylamine. 
However, as the precursor of trimethylamine is trimethylamine oxide, which is 
produced by the bacterial action, it is difficult to completely remove trimethylamine 
during the production process. 
91 
Hydrogen sulfide was perceived in the GC-SHA-0 analysis but was not 
identified in the headspace analysis. This might be because the mass range of the 
MS was not properly set to cover the lower range of the hydrogen sulfide or the mass 
was under the detection threshold of the detector. The rotten egg aroma of 
hydrogen sulfide could be perceived in more than 50% of salted-dried fish samples. 
It had an average FD value of 148 and 171 in steamed and non-steamed samples, 
respectively. Hydrogen sulfide may be generated by bacterial action during the 
decay of fish muscle protein, myofibrils (Johnson and Vickery, 1964). When the 
pH and temperature increased, the rate of hydrogen sulfide production would also 
increase (Kawai et al., 1991). Since the production of salted-dried fish involves 
long-time drying under the sun, hydrogen sulfide in the fish body might accumulate 
during the production. 
Panelists also perceived another S-containing compound, methanethiol, in 
all types of salted-dried fish with an average FD value of 337 (steamed samples) and 
403 (non-steamed samples). This compound gave an odor resemblance of decayed 
vegetable during GC-SHA-0 analysis. The methanethiol could be derived from 
methionine by singlet oxygen oxidation (Jung, 1998), from methyl 
methanethiosulfinate, which is a product of the C-S lyase-catalyzed degradation of 
S-methyl-L-cysteine sulfoxide (Dan et al., 1997), or from the reaction of 
methanethiosulfinate with free SH-containing amino acids and peptides under 
anaerobic conditions (Di Pentima et al, 1995). From the descriptions of panelists, it 
was found that methanethiol contributed the most pungent odor in the salted-dried 
fishes. To reduce the level of methanethiol in salted-dried fish, good ventilation 
during salting process is needed in order to avoid its production from the reaction of 
methanethiosulfinate with free SH-containing amino acids and peptides in anaerobic 
conditions. 
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One of the precursors of methanethio is methionine. Methionine, an 
amino acid, has many important biological functions, for example, it might act as the 
principal methyl donor in biosynthesis via its conjugate 5-adenosylmethionine 
(Cantoni, 1960). Methionine can be found in abundant level in many marine 
bacteria, fungi, and plants. By consuming the microorganisms and plants, fish may 
accumulate high level of methionine inside its body that account for the high level of 
methanethiol in stored fish. 
Methanethiol when undergoes oxidation would lead to formation of 
dimethyl disulfide and dimethyl trisulfide. These two compounds were also found to 
be aroma active compounds in the salted-dried fish samples. The dimethyl disulfide 
had an unpleasant fried garlic or town gas-like aroma as described by panelists. 
However, the FD value of dimethyl disulfide was low, below 6.5 in average. Its 
influence to the overall aroma quality was not comparable to that of methanethiol. 
While dimethyl trisulfide had fried garlic or fried onion-like odor, it had a high FD 
value and was common to all salted-dried fish samples. Comparing to methanethiol, 
its odor was more acceptable. It probably contributed a fried garlic-like aroma in 
the salted-dried fish. 
Another pungent aroma active compound in salted-dried fish is 
bis(methylthio)methane. It has a fried garlic or fried onion-like aroma as described 
by the panelists。 The odor intensity of bis(methylthio)methane in the samples was 
generally not as strong as trimethyiamine and methanethiol. This important aroma 
compound was seldom reported in fresh fish. 
(Z)-4-Heptenal was found to be a potent odorant in salted-dried fish. It had 
a medium FD value of 146 (steamed samples) and 168 (non-steamed samples) and 
perceived as fatty, greasy, boiled potato-like. (Z)-4-Heptenal was first associated 
with fish flavor by Hardy and his colleagues (1979) and was reported as 
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‘cold-storage flavor，， As reported by Josephson and Lindsay (1987a), 
(Z)-4-heptenal exhibits a ‘cold boiled potato' aroma, which is responsible for the 
aroma of boiling potatoes. Josephson and Lindsay's findings were very different 
from this study. This may be due to the different concentrations of (Z)-4-heptenal 
in the samples or the difference in the description terms used by panelists. The 
content of (Z)-4-heptenal in salted-dried fish might be higher than that in the potatoes, 
with a threshold of 0.04 ppb (Hardy et al.，1979), (Z)-4-heptenal in salted-dried fish 
might become much more potent. (Z)-4-Heptenal could be a product from the 
retro-aldol degradation of (£)2,(Z)6-nonadienal, while (£)2,(Z)6-nonadienal is a 
product of o)-3 polyunsaturated fatty acid oxidation (Josephson and Lindsay, 1987b). 
And the retro-aldol reaction would be promoted by high temperature and high pH 
value (Josephson and Lindsay, 1987b). The amount of (Z)-4-heptenal detected in 
cooked and stored seafood was higher than the fresh ones. 
The less potent volatile compounds included hexanai and 
2-methyl-2-butenal。 Their average FD factors were below 4.4 and 2, with a green 
note and a metallic sharp note, respectively. 
5.3.1.2 Roasted aromas 
The compounds grouped into this roasted compounds group included 
propanal, 3-methylbutanal, 2-methyl-2-butenal, 2-ethyl-4-methyl-l//-pyrrole, 
2-ethyl-6-methyl-pyrazine and Methional. Of which, 3-methylbutanal possessed a 
pleasant almond aroma had the highest FD factor value (548 in non-steamed samples; 
541 in steamed samples), as shown in Table 5.3. 3-Methylbutanal was an important 
aroma note in salted-dried fish as it present in all samples. Besides, 
3-methylbutanal is a major component in roasted-beef aroma, carrying a 
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characteristic cured meat aroma (Moaller et al., 1998)。3-Methylbutanal may be 
formed by metabolic conversion of the amino acid L-leucine by bacterial action, for 
example M. phenylpyruvica (Moaller et al., 1998). 
There was also a nutty or Maillard reaction-like aroma reported in all 
samples. This aroma was contributed by propanal. Although its FD factor was 
fairly low, it could be perceived in all samples. Hence, it was also an important 
note to salted-dried fish. It is also a major volatile compound in coffee (Buffo and 
Cardelli-Freire, 2004). Propanal could be formed from the autoxidation of 
docosahexanoic acid (Dumford and Shahidi, 1998). 
Same as propanal, methional had a low FD value but appeared in all fish 
samples. Methional was found to have a specific soy-sauce like aroma note. It 
could be formed via the Strecker degradation, which involves an amino acid and an 
a-dicarbonyl compound, the amino acid is converted to an aldehyde containing one 
less carbon (Dunn et al” 1985). The formation of methional in salted-dried fish 
might be similar. 
Another low FD value compound, 2-ethyl-6-methylpyrazine, was also 
found in all samples. As reported by the panelists, this compound possesses 
metallic and rusty aroma note. 2-Ethyl-6-methylpyrazine was reported in plants, 
e.g. Panax ginseng and Camellia sinensis. 
5.3.1.3 Floral aromas 
Floral aroma could be found in some salted-dried fish samples. These 
volatiles had low FD value and did not give strong sensation. It was surprised to 
find that chloroform contributed a fruity aroma in AEDA analysis. It is usually 
used as a solvent rather than as a fragrance. And it usually possesses offensive 
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ether like aroma. At very low concentration, chloroform may have a sweet odor 
(National Safety Council, 2004). The present of chloroform might probably due to 
contamination. Since the gas-tight syringe was washed with water and 
dichloromethane, the solvent residue might have leave inside the syringe and injected 
into the GC-MS-FID-0 system with the samples unintentionally. 
Another fruity odorant found in the salted-dried fish was 3-hexanone. 
Its FD value was the highest among others in the floral aroma group. Hence, most 
of the floral, sweet aroma perceived in the salted-dried fish was contributed by this 
odorant. 3-Hexanone is also an important odorant in soybean (Boue et al., 2003). 
Like other ketones, it could be formed from lipid oxidation during the heating 
processes (Kubota et al., 1986), produced by fungal enzymatic actions during 
fermentation or by Maillard reaction (Fors, 1983; Su, 1986; Wang and Hesseltine, 
1970). 
The FD value of 2,3-pentanedione was much lower, making it a less 
important components in this group in the salted-dried fish samples. This 
compound was found in oyster (Josphson et al., 1985) and was an important odorant 
in alcoholic beverages (Nykanen and Suomalainen, 1983). At highe concentration 
it had an intense buttery note (Nykanen and Suomalainen, 1983). The formation of 
2,3-pentanedione was similar to that of 2,3-butanedione. Both are formed from 
Maillard reactions (Yaylayan and Keyhani, 1999) and details would be discussed in 
the following part. 
5.3.1.4 Vegetable aromas 
There was a very specific green odor perceived during the AEDA analysis 
of salted-dried fish. The odor that was similar to freshly cut grass was contributed 
by hexanal. Although its FD value was low, this odor was found in about 80% of 
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the samples. Hexanal could be produced by the autoxidation of polyunsaturated 
fatty acids in fish (Durnford and Shahidi, 1998). Fresh, green, cucumber-like odor 
was not obvious in the salted dried fishes because other aromas with higher potency 
might have masked this odor. In fresh fish, this green odor could be perceived. 
There was only one report of perception on the (Z)-2-penten-l-ol in one 
delayed salted-dried threadfin sample. This mushroom and woody aroma was not 
common at all. It may be produced from the reaction of lipoxygenases with 
13-hydroperoxide of linolenic acid (Fauconnier et al., 2000) 
A specific popcorn and rice note was found in half of the samples. This 
characteristic aroma was due to the presence of 2,3-dimethylpyrazine. This 
compound is usually found in the roasted food, nuts, diary products, meat and 
tobacco. It could be formed in the Maillard reaction (Fors, 1983). 
A potato like aroma, furfural, was also found in about 50% of the samples. 
As reported elsewhere, furfural could have an almond and baked bread odors 
(Sigma-Aldrich, 2004). The concentration of furfural was very low in the 
headspace of salted-dried fishes and it was not identified in the headspace analysis of 
salted-dried fish in Chapter 4. Since the odorant may have different odors at 
different concentrations, at low concentration, furfural may give potato-like aroma 
instead of almond note. 
Aroma of (E, £')-2,4-heptadienal was not very common in the salted-dried 
fish samples, however its aroma, root and ginseng-like was very specific. Only 
about 30% salted-dried fish possess this aroma (Table 5.3). This aroma was not 
perceived in the salted-dried fish during normal sniffing and only revealed in 
CG-SHA-0 analysis. It could be masked by other potent odorants during normal 
sniffing. As suggested by Abdel-Mageed and Fadel (1995), the peroxidation of 
(co-3) fatty acids, linolenate, could produce {E,j^)-2,4-heptadienal. 
9 7 
5.3.1.5 Penetrating aromas 
Panelists reported a penetrating sour aroma in more than 70% of 
salted-dried fish during the AEDA analysis (Table 5.3). This interesting sour 
odorant was 2,3-butanedione, also known as diacetyl. 2,3-Butanedione was the 
compound responsible for buttery or butterscotch flavors that sometimes arise in beer 
(Inoue et al.’ 1973). Researchers found that yeast had have a major role in both the 
production and the reduction of 2,3-butanedione in beer (Inoue et al, 1973). Inoue 
and his colleagues (1973) found that acetolactic acid is the precursor of diacetyl in 
beer。 2,3-Butanedione can also be produced by Maillard reaction between 
D-glucose and L-alanine (Yaylayan and Keyhani，1999). As both fermentation and 
Maillard reaction might have occurred during salted-dried fish production, 
2,3-butanedione were likely produced by one or both mechanisms. 
Another penetrating odorant, cyclopentanol, gave an insect and nutty-like 
perception to panelists. The origin and formation of this compound was not known 
yet. Like other 6-, 8-，and 9-carbon alcohols, cyclopentanol might be derived from 
the unsaturated fatty acids characteristic of fish by lipoxygenase activities 
(Olafsdottir and Fleurence, 1998). 
5.3.1.6 Common aromas 
There were totally five common odorants found in all tested salted-dried 
fish samples. They were trimethylamine (fishy, salty, deterioration), methanethiol 
(decay vegetable), propanal (nutty, maillard reaction product like), 3-methylbutanal 
(almond) and dimethyl trisulfide (fried garlic and onion like). Most of them were 
very potent odorants with pungent notes and high FD values, e.g. trimethylamine， 
methanethiol, dimethyl trisulfide. Two of them possessed acceptable odor, which 
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were propanal and 3-methylbutanal. As these five compounds could be found in all 
three species of salted-dried fish with relatively high FD values, they may be 
regarded as important salted-dried fish aroma. This finding was similar to the real 
situation that many consumers believe that the aroma of salted-dried fish was 
pungent and potent. Another two compounds which were missing in one or two 
sample are methional (soy sauce-like), (Z)-heptenal (fatty, grease) and 
bis(methylthio)methane (fried garlic or onion)。 
5.3.2 Characteristic of aroma active compounds between steamed and 
non-steamed salted-dried fish 
In the AEDA analyses of steamed and non-steamed salted-dried fish, the 
FD values of the pungent odorants dropped remarkably after steaming (Table 5.3). 
The FD values of trimethylamine, hydrogen sulfide, methanethiol, heptanal, 
3-methylbutanol, (Z)-4-heptenal, dimethyl trisulfide and Methional, except dimethyl 
disulfide and bis(methylthio)methane, decreased in the steamed samples. Since 
most of these compounds contributing to the pungent aroma found in the salted-dried 
fish samples, steaming or cooking can help to reduce such pungency in salted-dried 
fishes. The only increase in dimethyl disulfide would not have any significant 
effect, because its FD value was very low。Steaming can reduce those aroma level, 
but cannot eliminate them. These odorants remain as the most potent aromas in 
steamed salted-dried fishes. 
As reported in Chapter 4, the changed in concentration of trimethylamine did 
not had specific trend before and after steaming. However, in GC-SHA-O analysis， 
its FD value decreased. This might be due to the differences in the different 
experimental setup in the two sets of experiment. In the headspace analysis，MS 
was the only detector, while in GC-SHA-O analysis, MS, FID and human nose were 
9 9 
used as detectors. The human nose may be more sensitive to trimethylamine than 
the MS and can notice the little change in the concentration between steamed and 
non-steamed samples. Trimethylamine exhibits different aroma quality when 
combined with other compounds. As pointed out by Kikuchi and his colleagues 
(1976)，when trimethylamine co-existed with acetic acid or propanoic acid, boiled 
fishy and unpleasant fishy aroma would be obtained at pH 7.3 and pH 6.5, 
respectively. That is the aroma of trimethylamine became less acceptable at high 
level of volatile fatty acids. Steaming process could reduce much of the volatile 
fatty acids from a fish，preventing them from coexisting with the TMA. Hence the 
potency of trimethylamine in the presence of fatty acids would be weaker. As a 
result, trimethylamine was perceived as less potent in such condition. 
The flavor dilution values of the most pungent odorants decreased by 
steaming, while the roasted aroma increased or remined the same. The average DF 
value of propanal increased from 126 to 156 and 3-methylbutanal kept nearly 
constant at 540 units. These two odorants having pleasant Maillard reaction 
products-like and almond-like notes might make the steamed fish more acceptable to 
consumers. 
Besides, steaming generally decreased the FD values of most odorants 
including those compounds responsible for the floral, vegetative-like and penetrating 
aromas. Thus the aroma of steamed salted-dried fish would be milder than the raw 
salted-dried fishes. The desirability of salted-dried fish aroma may be improved by 
the steaming process. 
1 0 0 
5.3.3 Differences in aroma active compounds between regular and delayed 
salted-dried fish 
The relationship between salting methods and different fish species were 
compared in this section. In salted-dried white herring, the FD values of 
trimethylamine, bis(methylthio)methane, dimethyl trisulfide were higher in the 
regular salting group than the delayed salted one(Table 5.4). As this group of 
volatiles contributed the pungent aroma to fish samples, the aroma of the regular 
salted-dried white herring could be more potent. But, as the FD values of the fruity 
odorants, 3-hexanone and 2,3-pentanedione, were high in the regular type, the 
regular fish might smell more fruity and floral. In the salted-dried threadfin, FD 
values of trimethylamine, methanethiol and dimethyl disulfide were higher in the 
delayed salting method than in the regular one (Table 5.5). These findings 
contradicted the previous case with the salted-dried white herring. When we also 
considered the standard deviations, we can find that the variations in the FD values 
of the volatiles were very large. That meant the production condition of the 
salted-dried fish might be not properly controlled. So even salted-dried fish of the 
same type might not have similar quality. In the salted-dried pawak croaker, FD 
values of the offensive unpleasant volatiles, trimethylamine, methanethiol, 
(Z)-4-heptenal, bis(methylthio)methane and dimethyl trisulfide were higher in the 
regular salted groups than in the delayed salted ones (Table 5.6). This finding was 
similar to that of white herring. The Maillard product-like aromas (3-methylbutanal 
and propanal) were more potent in the regular salted fish. While the fruity aroma, 
3-hexanone, was more potent in the delayed salted-dried fish instead. 
Since the perceived aromas of the pungent volatiles dominated other 
odorants, the effects of the N-containing and S-containing volatiles would out weigh 
all other volatiles. GC-SHA-O analysis between regular and delayed salting 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































methods generally shown that the regular salted fish would have a more potent aroma. 
This phenomenon was more significant in the salted-dried white herring and pawak 
croaker. 
5.3.4 Characteristic aroma of different species of salted-dried fish 
The flavor dilution values of different volatiles in the regular salting fish 
types were shown in Table 5.7. The average FD values of hydrogen sulfide, 
methanethiol, bis(methylthio)methane, dimethyl trisulfide, 3-methylbutanal and 
2,3-pentanedione were generally higher in the salted-dried white herring, followed 
by salted-dried pawak croaker and then salted-dried threadfin. The FD values of 
propanal, trimethylamine and 2,3-dimethylpyrazine were higher in regular 
salted-dried pawa croaker. In the regular salted fish group, salted-dried white herring 
generally had more pungent aroma, while that of pawak croaker had less. 
The FD values of the aroma active volatiles in delayed salting fish types 
were shown in Table 5.8. The average FD values of trimethylamine, methanethiol, 
dimethyl disulfide, bis(methylthio)methane and dimethyl trisulfide were generally 
higher in the salted-dried threadfin. The FD values of hydrogen sulfide, 
3-hexanone and heptanal were higher in delayed salted-dried pawak croaker. In the 
delayed salting fish group, salted-dried threadfin generally had more pungent aroma, 
salted-dried pawak croaker had a sweet aroma and salted-dried white herring had an 
almond-like aroma. 
Since most potent odorants present in the fish body were originated from 
other precursors found in the fish body, such as trimethylamine from trimethylamine 
oxide, methanethiol and dimethyl trisulfide from methionine, S-methyl-L-cysteine 
sulfoxide or methanethiosulfinate. These precursors were mainly accumulated from 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































different salted-dried fishes might be largely contributed by their living environments 
rather than their specific species. 
5.3.5 Characteristic aroma of salted-dried fish purchased at Sai Wan and Tai 
O 
The SHA-O analysis shown that the numbers of compounds with higher 
FD values in Tai O and Sai Wan samples were similar, about half of the aromas with 
higher FD values in Tai O and vice versa for that of Sai Wan's samples. However 
the FD values of potent aromas, usually strong and potent, were generally higher in 
the fish samples purchased from Sai Wan (Table 5.9). This might be because of the 
differences in the details of production. The salted-dried fish from Sai Wan might 
be stronger in smell than those purchased in Tai O. 
5.3.6 Characteristic aroma of salted-dried fish purchased in 2001 and 2002 
As shown Table 5.10, salted-dried fish purchased in 2001 generally had a 
higher FD values of volatile compounds than that of 2002 samples, especially for 
those volatiles with high FD values. This might be due to the environmental effect 
in different years. The abundance of food source during the two years might be quite 
different which affected the composition of the fishes. This could contribute to the 
differences in the amount of various compounds。 
5.4 Conclusion 
Generally, the odor of salted-dried fish was pungent with seashore-like. 
This was due to the present of trimethylamine (fishy�salty and deterioration-like), 
hydrogen sulfide (rotten egg like), methanethiol (decayed vegetable like), dimethyl 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3-methylbutanol (metallic sharp), (Z)-4-heptenal (fatty and grease), 
bis(methylthio)methane (fried garlic- or onion-like) and dimethyl trisulfide (fried 
garlic- or onion-like). These aroma active compounds had high FD values, showing 
that they were the important aromas contributing odorants in salted-dried fish. 
Since they were so pungent, they might mask the odor of other less potent odorants. 
Hence, it might be difficult to differentiate the different species in the salted-dried 
fishes by their odorants. However, some pleasant aromatic, sweetly, green and sour 
aromas were present in salted-dried fishes. Some responsible odorous compounds 
included 3-methylbutanal (almond), propanal (Maillard rection product like), 
3-hexanone (sweetly), 2,3-pentanedione (sweetly), hexanal (green) and 
2,3-butanedione (sour). These compounds did not have very high FD value, but 
they probably were more pleasant to the consumers. 
In order to improve the flavor of salted-dried fishes, one method is to 
suppress the formation of unpleasant fishy aroma (e.g. trimethylamine). Good 
ventilation during production reducing the production of methanethiol in the 
anaerobic environment is another alternative. Before serving the salted-dried fish, 




Important volatile compounds in salted-dried fish 
6.1 Comparison between OAV and SHA-O 
The main aroma active volatiles found by the OAV determination method 
and by the GC-SHA-0 method were summarized in Table 6.1. There were a total 
of 19 volatiles with overall average OAV larger than one or larger than 0.1 for 
volatiles with threshold in water. Most of them were aldehydes. The most active 
volatiles, in terms of OAV, were trimethylamine, propanal and isovaleraldehyde. 
The same types of fishes were screened by the SHA-O technique 25 aroma active 
compounds were found. Among them, both aldehydes and S-containing 
compounds were the most abundant in number. And the most active volatiles, in 
terms of FD values, were isovaleraldehyde (identical to 3-methylbutanal), 
methanethiol, dimethyl trisulfide and trimethylamine. Comparing the two methods, 
only ten identified compounds were common, while others were found in one of the 
two methods. Such differences in the potent compounds found by the two 
techniques may be due to many different reasons. One reason is the threshold value 
of the volatiles. The threshold values were determined by different groups of 
researchers that may report different thresholds values. Such variations are the 
normal changes of the nasal trigeminal chemosensitivity of men across their life span 
and affects their odor perception ability (Wysocki et al., 2003). (Hence, the OAVs 
calculated might not compatible with the FD values that I reported in this study.) In 
addition, not all the reported threshold values were found under the same medium. 
Since threshold values of compounds found in air are much lower in quantity than 
that in water or oil the OAVs of compounds obtained with threshold values in water 
are underestimated. 
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Table 6.1: Aroma active volatiles (average OAV > 1 or FD factor >1) in salted-dried 
fish (threadfins [Eleutheronema tetradactylus], pawak croaker [Angyrosomus pawak] 
and white herring [Ilisha elongata]). 
No. ComDound^ Overall average OAV ^ Overall average FD^ factor 
of 3 salted-dried fish of 3 salted-dreid fish 
steamed non steamed “ steamed non steamed 
Aocohol 
1 Cyclopentanol 13.5 13 3 
2 3-Methylbutanol 1.5 2.6 8.1 10.8 
3 l-Octen-3-ol 2.0 2.2 
4 l-Penten-3-ol i j 
5 Z-2-Penten-l-ol 19.1 26.6 
Aldehydes 
1 Butanai 25.5 37.2 
2 (E,E)-2,4-heptadienal 14.3 14.9 
3 Heptanal 111.9 211,8 23.7 36.5 
4 4-Heptenal^ 0.01 0.04 145.8 167.7 
5 Hexanai 14.1 24.0 27.1 55.0 
6 Isobutyraidehyde 53.6 92.0 
7 Isovaieraidehyde/ 3-Methylbutanal 4907.7 2475.4 541.5 548.3 
8 2-Methyl-2-butenal^ 10.4 10.3 
9 2-Methylbutyraldehyde 21.6 13.7 
10 Octanal 7.2 9.1 
11 Pentanal 9.7 I5.7 
12 Propanal 1745.8 7114.8 155.8 126.0 
Ester 
1 Ethyl butyrate ] ,4 
Ketone 
1 2,3 -butanedione/ Diacetyl 11.3 32.5 
3 3-Hexanone 64.0 78.3 
2 2,3-pentanedione 18.3 19.4 
S -containing compounds 
1 Bis(methylthio)methane^ 0.22 0.26 357.5 315.3 
2 Dimethyl disulfide 118.6 75.9 51.9 18.9 
3 Dimethyl trisulfide^ 16.3 27.6 304.9 327.7 
4 Hydrogen Sulfide 148.1 170.8 
5 Methanethiol^ 337.4 403.1 
6 Methional 38.6 44.4 
7 3- Thiophenecarboxaldehyde 30.5 62.9 
Pyrazines 
1 2,3-dimethylpyrazine 29.6 13.4 
2 2-ethyl-6-methyl-pyrazme^ 52.9 22.6 
Miscellaneous 
1 2-Ethyl-4-methyl-lH-pyrrole^ 16.2 20.3 
2 furfural 17.7 17.4 
3 2-Pentylfuran 108.8 28.9 
4 Trimethylamine 5767.4 22401.6 266.2 351.0 
Total No.: 17 19 25 25 
1 Compounds in order of their alphabetic order in each class of comounds. 
2 Odor activity value. 
3 Flavor dilution factor. 
4 OAV less than 1 but but more than 0.01, consider as aroma active compounds since calculation based on water or oil 
threshold value. 
5 Tentative identify compounds since no artificial compounds found commercially 
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Some of the compounds reported in Chapter five were not found in 
Chapter four. The reason was that more volume was injected in the SHA-0 
analysis (maximum 25-mL). For the headspace analysis, only 10-mL was injected. 
Hence, some of the trace compounds were revealed in the SHA-0 analysis. 
The OAVs were only theoretical values based on simple calculations 
(Frijters, 1978) and the results were only a prediction of the aroma potency. The 
FD values found in the SHA-0 analysis presented a better situation since the dilution 
factors of each compound were determined by a human panel. Although the 
number of panelists employed in the SHA-0 analysis was not very high (3 panelists 
in this study) and the results might not fully represent the whole population, it 
provided a good estimation on the aroma potency. Most of the compounds found 
with high OAV had high FD values at the same time, e.g. trimethylamine, propanal, 
isovaleraldehyde, heptanal, etc. This suggested that the aroma potency determined 
by the two methods were generally agreeable. Some compounds, with literature 
threshold values reported only in water, had their OAVs under-estimated (e.g. 
(Z)4-heptenal, bis(methylthio)methane and dimethyl trisulfide) were found to have 
high FD values. 
6.2 Overall conclusion 
6.2.1 Effects of steaming on salted-dried fish aroma 
Comparing the OAVs of volatile compounds in both steamed and 
non-steamed salted-dried fishes, the contents of most aroma active compounds 
decreased after the steaming process (Figure 6.1a). Only four OAVs of the volatile 
compounds increased by steaming, they were isovaleraldehyde, dimethyl disulfide, 
114 
2-pentylfuran and 2-methylbutyraldehyde. Similar results were obtained by the 
SHA-0 method. The FD values of most volatiles decreased after steaming process 
(Figure 6.1b). Most of the compounds with reduced aroma activity after steaming 
had different odor strength compared with before. Therefore, salted-dried fish might 
be perceived differently after steaming. 
6.2.2 Effects of salting methods on salted-dried fish aroma 
The OAVs analysis revealed that trimethyiamine, dimethyl disulfide and 
dimethyl trisulfide were higher in the delayed salted samples (Figure 6.2a). A large 
proportion of the aroma contributing volatile compounds showed no significant 
difference in concentrations when prepared using the two different salting methods 
but the concentrations of potent, pungent aroma active compounds were generally 
higher in the delayed salted fish. While in the SHA-0 analysis, hydrogen sulfide 
and methanethiol were more potent in the delayed samples (Figure 6.2b), TMA and 
other S-containing compounds were higher in the regular salted samples. These 
results were inconsistent with the those from the OAVs analysis. But in general the 
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6.2.3 Characteristics aroma of salted-dried fish prepared from different fish 
species 
Most of the volatile compounds positively identified among the three 
salted-dried fishes were similar. The OAVs of volatiles were generally higher in the 
threadfin, except trimethyiamine, while the OAVs in white herring and pawak 
croacker were quite similar (Figure 6.3a). SHA-0 analysis shown similar trends 
with threadfin having more volatile compounds having high FD values. However, 
the FD value of hydrogen sulfide was very low in threadfin (Figure 6.3b). 
6.2.4 Characteristics aroma of salted-dried fish purchased from different 
locations 
The average OAVs of volatile compounds in the salted-dried fishes 
purchased in Tai O were higher than that in Sai Wan (Figure 6.4a). However, the 
potent odors were stronger in the Sai Wan's salted fish. The SHA-0 analysis also 
showed that FD values of the other N- and the S-containing compounds were strong, 
and high in the fish samples purchased from Sai Wan (Figure 6.4b). This may be 
because of the difference in the production steps. The salted-dried fish from Sai 









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































6.2.3 Characteristics aroma of salted-dried fish purchased from different 
periods 
As shown Figure 6.5a, salted-dried fish purchased in 2001 generally had 
a higher average OAVs of volatile compounds than that of 2000 samples. This 
might be due to the environmental effect in different years. The abundance of food 
source during the two years might be quite different which affected the composition 
of the fishes. This could contribute to the differences in the amount of various 
compounds to be present. While in SHA-0 analysis, the FD values of most 
compounds between samples purchased in 2001 and 2002 were similar (Figure 6.5b), 
the FD values of trimethylamine, bis(methylthio)methane and dimethyl trisulfide 
were slightly higher in the year 2002 samples. This suggested that the salted-dried 
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Table A4.1a 
Table A4.1a: General infomration of volatile compounds positively identified in various groups of salted-dried fish 
Gro 叩 No. Compound' CAS' RT' rP mli' slope 
area/ug threshold medium ref* 
(xlO5) ng/mL 
Acids 1 Acetic acid 64-19-7 24.09 1415 45 189.93 0.363 Air I 
2 Butyric acid 107-92-6 27.89 1546 60 489.56 0.958 Air c2576 
Alcohols 1 1-Propanol 71-23-8 13.15 1004 59 11.67 6.026 Air I 
2 2-Methyl-l-propanol 78-83-1 14.70 1056 43 】46.61 2,570 Air I 
3 l-Methoxy-2-propanol 107-98-2 15.83 1093 45 218.70 9.240 Air II 
4 1-Butanol 71-36-3 16.20 1106 56 378.58 1.514 Air I 
5 l-Penten-3-ol 616-25-1 16.63 1121 57 778.85 1.479 Air I 
6 3-Methylbutanol 123-51-3 17.95 1169 55 355.25 0.162 Air I 
7 1-Pentanol 71-41-0 19.08 1210 42 244.72 1.698 Air I 
8 l-Hexen-3-ol 4798-44-1 19.10 1211 57 61 98 417 Nil C1215 
9 Cyclopentanol 96-41-3 20.66 1271 57 660.17 na 
10 cis-2-Penten-l-ol 1576-95-0 20.83 1278 57 292.24 iia 
11 1-Hexanol II1-27-3 21.70 1312 56 367.17 0.186 Air I 
12 l-Octen-3-ol 3391-86-4 23.95 1409 57 312.28 0.016 Air I 
Aldehydes 1 Propanal 123-38-6 6.79 734 58 1.44 ().()65 Ai 丨. I 
2 Butanal 123-72-8 8.65 783 44 45.20 0,028 Air I 
3 Isobutyraldehyde 78-84-2 9.23 798 43 22.14 0.123 Air I 
4 2-Methylbutyraldehyde 96-17-3 9.66 830 57 260.91 0.120 Nil C I 882 
5 Isovaleraldehyde 590-86-3 9.74 836 42 35,23 0.008 Air I 
6 Pentanal 110-62-3 11.60 943 44 361.99 0.022 Air I 
7 Hexanal 66-25-1 14.74 1057 56 142.60 0.058 Air I 
8 Heptanal 111-71-7 17.74 1162 70 4.06 0.029 Air I 
9 4-Heptenal 6728-3 卜 0 19.23 1216 68 233,75 0.800 Water C3289 
10 Octanal 124-13-0 20.56 1267 55 79.11 0.007 Air I 
11 Nonanal 124-19-6 23.13 1373 57 283.88 0,013 Air Dcvo 
12 Benzaldehyde 100-52-7 26.11 1502 105 375.05 0.186 Air I 
Alkanes 1 Pentane 109-66-0 4.40 500 43 1277.66 95,499 Air I 
&alkenes 2 Heptane 142-82-5 5.49 700 43 898.40 40.738 Air I 
3 Ethyl idenecyclohexane 1003-64-1 13.15 1004 81 264.28 na 
4 Toluene 108-88-3 13.44 1014 91 1474.22 5.888 Air I 
5 p-Xylene 106-42-3 16.49 1117 91 647.95 2.138 Air I 
6 Styrene 100-42-5 19.69 1234 104 894.58 45.225 Air C I 775 
7 Napthalene 91-20-3 30.77 1634 128 626.63 0.079 Air I 
Esters 1 Ethyl acetate 141-78-6 8,88 789 43 604.86 9.772 Air Dcvo 
2 Ethyl butyrate 105-54-4 13.27 1008 71 413.79 0.112 Air I 
3 Butyl butyrate 109-21-7 18.62 1193 71 440.39 na 
4 Isoamyl butyrate 106-27-4 19.98 1245 71 432.01 0,135 Air I 
Furans 1 2-Ethylfuran 3208-16-0 10.80 912 81 227.68 7296 Nil C1210 
2 2-n-Butyl faian 4466-24-4 16.28 1109 81 533.99 10000 Oil I 
3 2-Pentylfuran 3777-69-3 18.98 1207 81 10.47 0.091 Air I 
Ketones 1 2-Pentanone 107-87-9 11.52 940 43 967.74 5.495 Air I 
2 3-Hexanone 589-38-8 13.94 1030 43 345.14 na 
3 2-Heptanone 110-43-0 17.60 1157 43 596.14 0.676 Air I 
4 3-Octanone 106-68-3 19.61 1230 43 163.39 0.324 Air I 
5 3-Hydroxy-2-butanone 513-86-0 20.30 1257 45 318.54 800 Water I 
6 2-Octanone 111-13-7 20.38 1260 58 547.27 0.091 Air I 
7 2-Nonanone 821-55-6 22.95 1366 43 13.96 0.229 Air I 
8 A c e t o p h e n o n e 98-86-2 28.80 1568 105 334.94 1.820 Air I 
N-containing 1 Trimethylamine 75503 5 687 58 192 0 Air I 
compounds 2 Acetonitrile 75-05-8 12.22 968 41 693.54 31.443 Air III 
3 (Dimethylamino)acetonitrile 926-64-7 18.94 1205 83 260.65 na 
4 Benzonitrile 100-47-0 27.84 1544 103 624.24 na 
Pyrazines 1 2’5-Dimethylpyrazine 123-32-0 21.24 1293 108 427.50 1782 Water CI 543 
2 2,6-Dimethylpyrazine 108-50-9 21.41 1300 108 601,29 200 Water c3273 
3 Trimethylpyrazine 14667-55-1 23,25 1378 122 648.66 400 Water CI 115 
Pyridines 1 2-Ethylpyridine 100-71-0 20.23 1254 106 55.25 na 
Pyrroles 1 1-Methylpyrrole 96-54-8 16.34 1111 81 657.83 17(K)()() Water Buttery 
2 Pyrrole 109-97-7 25.59 1481 67 54,27 49600 Water cJ386 
S-conlaining 1 Dimethyl disulfide 624-92-0 14,42 1046 94 982.49 0.048 Air I 
compounds 2 2-Methylthiophene 554-14-3 15.03 1067 97 246.56 na 
3 3-Methylthiophene 616-44-4 15.87 1095 97 444.20 na 
4 Bis(methylthio)methane 1618-26-4 20.59 1268 61 247,10 0.300 Water Whitlield 
5 Dimethyl trisulfide 3658-80-8 22.98 1367 126 457,56 0.005 Water c3275 
1 Compounds in order of their elution sequences in each class of comounds. 
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Table A4.1a 
2 Chemical Abstracts Service Resistry Number. 
3 Retention time and retention index (van den Dool and Kratz, 1963) calculated from the average of all replicates. 
4 I: from standardized human olfactory threshold-calculated from Devos, M.; Patte, F.; Rouault, J,; Laffort, P.; Van Gemert, L. J. 
Standardized Human Olfactory Thresholds. Oxford University Press: new York, 1990. ； c####; from ASTM, pick those from air- from 
Fazzalari, F.A. Compilation of Odor and Taste Threshold Values Data; ASTM Data Series DS 48A. American Society for Testing and 
Materials. Philadelphia, PA, 1978; II: http://hazmap.nim.nih.gov/cgi-bin/hazmap_generic?tbl=TblAgents&id=614 (accessed on Oct 29, 
2004); III: http://hazmap.nlm.nih.go\//cgi-bin/hazmap_generic?tbl=TblAgents&id:159 (accessed on Oct 29, 2004); Buttery: Buttery, R.G.; 
Turnbaugh J. G.; Ling, L. C. J. Agric. Food Chem. 1988, 36(5) 1006-1009; Whitfield: Whitfield,F.B.; Freeman,D.J.; Last,J H , 
Bannister,?. A. Bis-(methylthio)-inethane, and important off-flavour component in prawns and sand lobsters. Chemistry and 
Industry 1981. Issue 3, 158-159. 
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Table A4.1b 
Table A4.1b: General information of volatile compounds tentetively 
identified in various groups of salted-dried fish 
Group No. Compound^ CAS? R f Rl^ m / z " 
Alcohols 1 ??? 18.59 1192 107 
2 2-Ethylhexanol 104-75-7 24,86 1449 57 
1 
Aldehydes 2-Methyl-2-butenal 1115-11-3 丨 5.04 1067 84 
2 
2-Ehtyl-2-butenal 19780-25-7 16.97 1134 98 
3 2-Methyl-2-heptenal 30567-26-1 22.21 1334 55 
Alkenes 1 trans-4-Octene 14850-23-8 8.42 111 55 
2 
2,6-Dimethyl-2,4-heptadiene 4634-87-1 15.27 1075 109 
3 l，3.cis,5-cis-Octatriene 40087-62-5 15.59 1085 79 
4 1-Acetyl-1-cyclohexene 932-66-1 19.49 1226 81 
5 ??? 19.64 1232 55 
6 Butenyl-cyclohexene 74664-14-5 20.74 1274 107 
1 p，a-Dimethylstyrene 1195-32-0 24,21 1420 132 
Aromatics ^ ??? 17.76 1162 91 
2 1 -Ethyl-4-methyl-benzene 622-96-8 20.48 1264 105 
3 -^？? 24.39 1428 146 
Esters 1 Methyl ester, 6-nonynoic acid 20731-17-3 19.95 1244 79 
Furans 1 3-Methylfuran 930-27-8 8.47 778 82 
2 2-Hexyl-furan 3777-70-6 21.60 1308 81 
Ketones ^ 2,3-Octanedione 585-25-1 21.25 1294 43 
2 6-Octen-2-one 35194-31-1 21.55 1306 43 
Mis 1 ??? 12.73 988 83 
2 Isovaleronitrile 625-28-5 15.93 1097 43 
3 2-Ethylacrolein 922-63-4 20.72 1273 84 
Pyrazines ^ ??? 22.83 1361 121 
2 3-Ehtyl-2,5-dimethylpyrazine 13360-65-1 24.21 1420 135 
Pyrroles 1 2,5-Dimethylpyrrole 625-84-3 19.98 1245 94 
2 2-Ethyl-4-methyl-1 H-pyrrole 69687-77-0 22,05 1327 94 
3 1-Pentyl-l H-pyrrole 699-22-9 22.96 1366 81 
4 1-Ethyl-1 H-pyrrole 617-92-5 27.77 1578 80 
S-containing ^ Methanethiol 74-93-1 5.37 679 47 
2 s-Methyl 3-methylbutanethioate 23747-45-7 18.87 1202 57 
1 Compounds in order of their elution sequences in each class of comounds. 
2 Chemical Abstracts Service Resistry Number. 
3 Retention time and retention index (van den Dool and Kratz, 1963) calculated from the average of all replicates. 
4 Selected fragment for calculation of compound amount. 
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Table A4.6: Average OAVs of volatile compounds positively identified in various groups of salted-dried 
pawak croaker, white herring and thredfin, averagre of all samples within the same fish 
Pawak Croacker White Herring 
Groups No. Compound' Overall Steamed Non-steamed Overall Steamed Non-steamed 
OAV^  S.D.3 0AV2 S.D.3 OAV^  S.D.3 OAV^  S.D.' OAV^  S.D.' QAV^  S.D.' 
Acids 1 Acetic acid 0,02 0.02 0.02 0,02 na na 0.07 0.07 0.10 0.09 0.05 0.07 
2 Butyric acid 0.01 0.01 0.01 0.01 na na 0.02 0,02 0.01 0.01 0.04 na 
Alcohols 1 I-Propanol 0 .29 0.46 0.09 0.10 0.39 0,55 0.15 0.14 0.12 0.13 0.17 0.16 
2 2-Methyl-l-propanol 0.27 0.47 0.16 0,18 0.37 0.65 0.13 0.10 0.15 0.11 0.12 0.09 
3 i-Methoxy-2-propanol 0.02 0.04 0.00 0.00 0.05 0.07 0.02 0.04 0.00 0.00 0.04 0.05 
4 1-Butanol 0.02 0.03 0.01 0.01 0.04 0,04 O.OO 0.00 0.00 0.00 0.00 O.OO 
5 i-Penten-3-ol 0.95 1.46 0.43 0.51 1.46 1.92 0.69 0,53 0.50 0.38 0.88 0.62 
6 3-Metlnlbutanol 0.82 1.26 0.31 0.29 1.33 1,66 4.39 4.38 3.73 3.75 5.06 5.11 
7 l-Pentanol 0.07 0.11 0.03 0.04 0.11 0,15 0.03 0.02 0,03 0.02 0.03 0.03 
8 i-Hexcn-3-ol 0.00 0.00 0,00 0,00 0.00 0.00 0.00 {).()() O.OO 0.00 0.00 0.00 
9 Cyclopentanol na na na na na na na na na na na na 
10 cis-2-Penten-l-ol na na na na na na na na na na na na 
11 l-Hexanol 0.07 0.06 0.06 0.08 0.08 0.06 0.07 0.05 0.06 0.04 0.08 0.07 
12 i-Octen-3-ol 1.06 1,73 1,18 2.51 0.96 0.74 2.16 2,73 2.11 2.08 2.21 3.36 
Aldehydes 1 Propanal 5007 12361 2148 3969 7390 16673 635 722 950 735 84 131 
2 Butanal 28,62 46.71 20.59 22,98 39.32 68.51 14.76 16.31 18.99 17.70 3.48 1,94 
3 Isobutyraldehyde 39.45 21.77 30.85 19.10 48.05 21.95 54.81 39.43 46.18 33.86 63.43 44.88 
4 2-Meth>lbut>raldeh>de 17.27 12.42 21.19 15.50 13.36 7.43 15.00 12.94 22.87 12.79 7.14 7.34 
5 Isovaieraidehyde 3269 2658 4169 3414 2368 1275 3869 3773 5892 3976 1846 2311 
6 Pentanal 12.41 18.01 8.49 8,38 16.89 25.12 5.70 5.22 6.83 5.74 2.69 1,49 
7 Hexanal 17.90 39.45 10.62 14.64 25.18 54.77 6,12 6.51 8.08 7.58 2.97 2.53 
8 Heptanal 118.37 206.43 68.34 100.92 218.45 349.95 32.30 33.95 32.30 33.95 na na 
9 4-Heptenal 0.02 0.02 0.01 0.02 0.02 0.03 0.01 0.01 0,01 0.01 na na 
10 Octanai 6.27 4.41 3.15 na 9.39 na 2.10 1.15 2.10 1.15 na na 
11 Nominal 0.19 0.10 0.12 na 0.26 na nd nd nd nd nd nd 
12 Benzaldelndc 0.44 0.41 0.42 0.48 0.46 0.35 0,22 0.25 0.30 0.32 0.13 0.13 
Alkanes 1 Pentane 0.01 0.00 0.01 na 0.01 na 0.00 na 0.00 na na na 
&alkene 2 Heptane 0.00 0.00 0.00 na 0.00 na 0.00 O.OO O.OO 0.00 na na 
3 Ethylidenecyclohexanc na na na 11 a na na na na na na na na 
4 Toluene 0,01 0.01 0.01 0.00 0.02 0.01 0.01 O.OO 0.01 0.00 0.01 0.00 
5 p-Xylenc 0.00 0.00 0.00 0,00 na na 0.01 0.01 0.01 0.01 na na 
6 Styrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OO O.OO O.OO 0,00 0.00 
7 Napthalene 0.04 0.03 0.02 0.03 0.05 0.04 0.06 ().()? 0.06 0,05 0.06 0.05 
esters 1 Ethyl acetate 0,01 0.02 0.01 na 0.01 0.02 m l nd nd iid nd nd 
2 Ethyl butyrate 2.88 4.17 1.57 1.78 3.82 5.22 0.04 0.03 0.04 0.05 0.04 0.03 
3 Butyl butyrate n a 11 a n a n a n a n a n d n d n d n d n d n d 
4 Isoamyl butyrate 0.09 0.09 0.09 0.11 0.10 0.08 0.08 na 0.08 na na na 
Furans 1 2-Ethylft丨 ran 0.00 0.00 0,00 0.00 0.00 0.00 O.OO 0.00 0.00 0.00 O.OO O.OO 
2 2-n-But> 1 fman 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 2-Pemylftiran 54.50 52.98 78.69 62.58 30.30 27.58 46.25 41.50 69.00 46.56 23.51 18.45 
Ketones 1 2-Pentanonc 0.02 0.02 0.01 0.01 0.02 0.03 0.02 0.01 0.02 0.01 0.02 0.02 
2 3-Hexanone na na na na na na na na na na na na 
3 2-Heptanonc 0.14 0.16 0.15 0.19 0.14 0.13 0.10 0,07 0.13 0.09 0.07 0.05 
4 3-Octanone 0.10 0.20 0.03 0.03 0.18 0.28 0.22 0.20 0.21 0.20 0.24 0.21 
5 3-Hydrox>-2-butanone 0.00 0,00 0.00 Iia 0,00 0.00 0.00 0.00 O.OO 0.00 0.00 0.00 
6 2-Octanone 0.07 0.09 0.07 0.11 0.08 0.07 0.13 0,11 0.16 0.12 0.11 0.10 
7 2-Nonanonc 0.43 0.45 0.43 0.63 0.42 0.15 0.84 0.51 0,76 0.47 0,98 0.62 
8 Acetophenone 0.01 0.01 0.01 0.00 0.01 0.01 0.02 0.02 0,02 0.02 0.02 0.02 
N-coniaini 1 Trimethyiamine 19038 33295 4419 5497 30003 41432 18798 24180 9191 9189 28404 30943 
2 Acetonitrile 0.00 0.00 0.00 0.00 0.00 0,00 0.01 0.01 0.01 0.02 O.OO O.OO 
3 (Dimcth>lamino)acetoni na na na na na na na na na na na na 
4 Benzonitrile na na na na na na na na na na na na 
Pyrazines 1 2.5-Dimethylpyra2ine 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 O.OO O.OO O.OO O.OO 0 . 0 0 O.OO 
2 2.6-Dimcthylpyrazinc 0.00 0.00 0.00 0.00 0.00 0.00 O.OO O.OO O.OO O.OO O.OO 0.00 
3 Trimethylpyrazine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OO O.OO O.OO O.OO 0.00 
Pyridines 1 2-Eth\ lp\ ridine n a n a n a n a n a n a n a n a na na na na 
Pyrroles 1 1-Methylpynole 0.00 0.00 0,00 0.00 0.00 O.OO 0.00 O.OO 0.00 O.OO 0.00 0.00 
2 Pyrrole 0.00 0.00 0,00 0.00 0.00 O.OO 0.00 O.OO 0.00 0.00 0.00 0.00 
S-containii 1 Dimethyl disulfide 42.74 29.25 55.30 33,13 30.19 19.39 93.25 85.60 123.10 109.45 63.40 41,04 
2 2-Mcthyithiopliene na 11 a 11 a na na na na na na na na na 
3 3-Methylthiopheni； na na 11 a 11 a na na na na na na na na 
4 Bis(mcth>lthio)methanc 0.13 0.13 0.12 0.10 0.14 0.16 0.16 0.17 0.15 0.12 0.17 0.22 
5 Dimethyl trisulfide 14.77 14.13 7.60 7.11 24.82 16.04 18.64 27.17 18.14 19.88 19.15 34.43 
1 Compounds in order of their elution sequences In each class of comounds, 
2 Mean OAV from three replicates, nd: corresponding compound was not detected in the sample 
193 
Page 1 of 2 
Tabic 4,6 
Threadfin Overall average 
Groups No. Compound' Overall Steamed Non-steamed o f 3 saltcd-dricd fisi 
0AV2 S.D.3 0AV2 S.D.3 OAV^ S.D.3 
Acids 1 Acetic acid 0.04 0.02 0.04 0.03 0.04 0.00 0.04 
2 Butyric acid 0.02 0.03 0.02 0.03 0.02 na 0.02 
Alcohols 1 l-Propanol 0.42 0.52 0.08 0.13 0.65 0.57 0.29 
2 2-Methyl-l-propanol 0.51 0.77 0.38 0.58 0,64 0.95 0.30 
3 l-Methoxy-2-propanol 0.00 0.00 0.00 lia 0.00 0.00 0.01 
4 1-Butanol 0.03 0.04 0.01 0.01 0.05 0.05 0.02 
5 i-Penteii-3-ol 1,87 2.18 0.91 0.84 2.82 2.71 1.17 
6 3-Methylbutanol 0.94 1.14 0.47 0.51 1.40 1.43 2.05 
7 l-Pcntaiiol 0.07 0.09 0.04 0.04 0.11 0.11 0.06 
8 l-Hexcn-3-ol 0.00 0.00 0.00 0,00 0.00 0.00 0.00 
9 Cyclopcntaiiol na na na na na na na 
10 c i s -2 -Pen ten- l -o l n a n a n a n a n a n a n a 
l-Hexaiiol 0.09 0.04 0.08 0.04 0.09 0.05 o.os 
12 i-Octen-3-ol 3.06 3.78 2.77 4.42 3.35 3.28 2.09 
Aldehydes 1 Propanal 7614 22554 2139 3883 1387 1 32920 4419 
2 Butanal 52.85 89.16 36.81 36,61 68.88 122.91 32.07 
3 Isobutyraldehyde 124.22 69.13 83.80 37.35 164.64 71.50 72.X3 
4 2-MetlnIbut>raldelndc 20.60 9.06 20.73 7.02 20.46 11.25 17,62 
5 Isovaleraldehyde 3937 2345 4662 2612 3212 1940 3692 
6 Pentanal 20.62 31.58 13.74 13,44 27.51 42.99 12.91 
7 Hexanal 33.71 63.73 23.53 46.18 43.90 79.59 19.24 
8 Heptanal 221,22 400.13 235.06 474.12 205.09 337.51 123.97 
9 4-Heptenal 0.02 0.03 0.02 0.02 0.05 na 0.02 
10 Octanal 13.05 20.75 16.26 27.32 8.77 11.14 7.14 
11 Nominal 1.36 1.95 1.72 2,65 0.83 0.53 0.77 
12 Benzaldehxdc 0.44 0.31 0.38 0.26 0.50 0.37 0.37 
Alkanes 1 Pentaiic 0.08 0.04 0.07 0.05 0.10 na 0.03 
&alkene 2 Heptane 0.01 0.01 0.01 0.01 0.00 0.00 0.00 
3 Etlnlidenec\clohexaiic na na 11 a na na na na 
4 Toluene 0.01 0.00 0.01 0.00 0.01 0.00 0.01 
5 P-Xylene 0.00 0.00 0.00 0.00 na na ().()1 
6 Styrene 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0.00 
7 Naptlialenc 0.04 0.04 0.05 0,05 0.04 0.03 0.05 
esters 1 Etln l acetate nd lid nd lid nd nd 0.01 
2 Ethyl butyrate 0 .26 0.31 0.05 0.02 0.41 0.33 1.06 
3 Butyl butyrate nd nd lid nd nd nd na 
4 Isoamyl butyrate 0.07 na 11 a na 0.07 na O.OK 
Furans 1 2-Ethylfuraii 0 .00 0 .00 0 .00 0 .00 0 .00 0.00 O.OO 
2 2-n-Butyl fhian 0.00 0.00 0.00 0.00 0.00 O.OO O.OO 
3 2-Penulftiran 105.77 254.41 178.73 354.09 32.81 33.93 68,84 
Ketones 1 2-Pentanone 0.03 0.03 0,02 0.02 0.04 0.04 0.02 
2 3-Hexanoiie na na na na na na na 
3 2-Heptanone 0.15 0.11 0.17 0.14 0,14 0.09 0.13 
4 3-Octanone 0.08 0.07 0.05 0,05 0.10 0.08 0.13 
5 3-H>droxx-2-butanone 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
6 2-OctaHone 0.12 0.10 0.13 0,12 0.11 0.09 0.11 
7 2-Nonanonc 0.90 0.58 0.95 0.66 0.80 0.45 0.72 
8 Acetophenone 0,01 0.01 0.01 0.01 0.01 0.01 0.01 
N-containi 1 Trimethylamine 6415 8921 3691 3111 8799 11702 14750 
2 Acetonitrile 0.00 0.00 0.00 0.01 0.00 O.OO 0.00 
3 (Dimeth> lamino)acetonil na na na na 11 a 11 a lUl 
4 Benzonitrile na na na na na na na 
Pyrazines 1 2.3-Dimctliylpyra2ine 0 . 0 0 0 , 0 0 0 . 0 0 0 . 0 0 0 . 0 0 O.OO O.OO 
2 2.6-Dimcthylpyrazine 0.00 0.00 0.00 0.00 0.00 O.OO 0.00 
3 Trimetlnipvrazine 0.00 0.00 0.00 0.00 0.00 0.00 O.OO 
Pyridines 1 2-Ethylpyridine na na na na na na na 
Pyrroles 1 1-Methylpyrrole 0.00 0.00 0.00 0.00 0.00 O.OO 0.00 
2 Pyrrole 0.00 0.00 0,00 0.00 0.00 0.00 0.00 
S-comainii 1 Dimethyl disulfide 155.83 119.95 177.48 126.85 134.19 116.93 y7.2X 
2 2 -Meth \ i thiophene n a n a 11 a 11 a n a n a n a 
3 3-Methylthiophene na na na na na na na 
4 Bis(meth>lthio)mcth£Uic 0.43 0.27 0.40 0.22 0.46 0.32 0.24 
5 Dimethyl trisulfide 31.48 43.43 23.08 17.68 38.82 58,07 21.63 
194 
Pa^ c 2 of 2 
Table A4.7 Moisture content of salted-dried fish in the OAV analysis 
NAME moisture content (%) NAME moisture content (%) 
HDF3 44.1 HDF3S 52.3 
HDF4 40.6 HDF4S 45.5 
HDF5 39.5 HDF5S 44.7 
HDLl 32.5 HDL IS 42.2 
HDL4 40.4 HDL4S 46.6 
HDL5 44.4 HDL5S 45.7 
HRF3 44.6 HRF3S 47.7 
HRF4 37.6 HRF4S 46.9 
HRF6 39.3 HRF6S 45.8 
HRLl 37.9 HRLIS 39.2 
HRL2 40 HRL2S 45.3 
HRL3 38.4 HRL3S 38 
MDF2 40.7 MDF2S 49.1 
MDF4B 52.1 MDF4BS 53.5 
MDF6 51.1 MDF6S 49.9 
MDL4 42.5 MDL4S 47.2 
MDL5 45.9 MDL5S 45.4 
MDL6 46.4 MDL6S 47.4 
MRF2B 43.7 MRF2BS 41.2 
MRF4 43.9 MRF4S 42.8 
MRF5 40.8 MRF5S 39.2 
MRLl 43.6 M R U S 40 
MRL2 42.9 MRL2S 41.4 
MRL6 43.2 MRL6S 43.7 
Q D F l 4 2 . 4 Q D F I S 4 6 . 6 
QDF4 38.4 QDF4S 43.4 
QDF5 47.1 QDF5S 43.7 
QDL2 40.2 QDL2S 39.7 
QDL4 39 QDL4S 43.6 
QDL6B 41 QDL6BS 43.7 
Q R F l 4 4 . 6 Q R F I S 4 4 . 4 
QRF2 42.7 QRF2S 43.5 
QRF3 43.4 QRF3S 41.4 
QRL2 42.6 QRL2S 43.2 
QRL3 41.4 QRL3S 44.7 
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